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Foreword

This compilation of data on antibiotics--their physical, chemical, biological and toxicological
properties--comprises Volume 11 of the Handbook of Toxicology. The Handbook was prepared under
Aero Medical Laboratory Contract No. AF 33(616)-2875 between The National Academy of Sciences
and the Wright Air Development Center, United States Air Force. Under the same contract additional
volumes are scheduled for publication in the coming year. The contract was administered under the
direction of the Aero Medical Laboratory, Directorate of Research, Wright Air Development Center,
Dr. George Kitzes acting as Project Director, Project No. 7159, ''Health Hazards of Air Force
Materials." The United States Army Chemical Center has also generously assisted in support of this
contract,

Data for all volumes were contributed by experts in various areas of the fields represented.
The material was reconciled, assembled, compiled, and edited by the Handbook Staff and reviewed
and authenticated by specialists in the subjects covered. The work was carried out under the direc-
tion of the Committee on the Handbook of Biological Data, operating under the Division of Biology and
Agriculture of The National Academy of Sciences-National Research Council.

Acknowledgment is made, on behalf of the Committee, to the Wright Air Development Center
for the foresight and scientific judgment inherent in the commission to prepare this Handbook; to the
Army Chemical Center for its generous support and cooperation; to Dr. John N. Porter and Mr. Gilbert
C. de Mello of the Research Division, American Cyanamid Company, who compiled the data appear-
ing in this volume and who served as guides and advisors in its preparation; to The National Research
Council Committee on Toxicology, under the chairmanship of Dr. Harold C. Hodge, for encouragement
and advice in planning the contents of the Handbook of Toxicology; to Mrs. Dorothy Dittmer for her
tireless editorial efforts, without which this volume never would have reached the stage of publication;
to Miss Florence Lochrie for her meticulous proofing of the manuscript; to Mr. John F. Sobrofski and
Mr. John P. Henner for their excellent performance in the most tedious job of layout and drafting the
entire volume; to the many biologists and toxicologists who served as contributors and reviewers for
the Handbook; and finally to all the Handbook staff members who so willingly shared the multitude of
tasks inherent in the preparation of the book.

May 28, 1957 W. S. Spector
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Abstract

This report presents data on the physical, chemical, biological and toxicological properties of
340 antibiotics, compiled from more than 2500 literature references. The material is as up-to-date
as possible at the time of publication. To enhance reliability, and consequently usefulness, each page
of data has been exhaustively reviewed and authenticated by the contributors.

The compilation is unusually complete, not only with respect to the selection of antibiotic com-
pounds, but also with the coverage of each. Wherever possible, data are presented on the source,
nature, structure and formula, physical and chemical properties, biological activity (both in vivo and
in vitro), toxicity, and utilization for each compound. A huge bibliography at the back of the book is
divided into sets of references and literature citations, with one set for each antibiotic, in the same
sequence as the compounds appear in the volume.

Two appendices supplement the text. One is an antibiotic efficacy listing by organism, and the
other is a compendium of antibiotic-source microorganisms. The book also contains a cross index of
synonyms, proprietary names, and official designations for the compounds involved.

An informative introduction explains some of the problems encountered in compiling data onthe
biological and toxicological properties of antibiotics and the reasons for wide variations in such data
evenwithin a single species. The introduction points out that although the information given in this
volume is as authentic and reliable as could be procured, the book is still, nevertheless, a survey, and
the values presented herein should be considered as "yardsticks of activity rather than as absolute
and definitive. The compilers recognize that all data, and particularly those in the fields of toxicology
and antibiotics, are subject to continuing revision as investigators standardize techniques and make
more measurements.

Publication Review

This report has been reviewed and is approved.

FOR THE COMMANDER

Quotttant,

JACK BOLLERUD

Colonel, USAF (MC)

Chief, Aero Medical Laboratory
Directorate of Research
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Introduction

This volume presents data on the physical, chemical, biological, and toxicological properties of 340 anti-
biotics. The word"antibiotic' is used in the strictestsense, i.e., '"a chemical substance produced by microorganisms
which has the capacity, in dilute solutions, to inhibit the growth of, or to destroy, bacteria and other microorgan-
isms." Other anti-infectives and chemotherapeutic agents have not been listed in this book.* The data herein are
recorded as accurately as possible from the literature and are current as the book goes to press. Because the field
of antibiotics is tremendously fast-moving, it is by no means beyond possibility that some of the biological and toxi-
cological information may be out of date by the time the volume appears in print--or that some of the facts may be
contradicted by more recent reports.

The guiding principles in selection of material have been that it be of basic importance and from reliable
literature sources. Some data of value have had to be omitted either because they were not on hand for publication
or because time has not permitted the necessary preparatory steps for printing. The fact that certain data have been
compiled and are already in print, or available in other form, has not been regarded as a reason for excluding them
from this Handbook. Every page of this volume has been examined for accuracy by the contributors.

In the compilation of this information, one of the chief objectives has been clarity of presentation. To attain
this clarity, only the most fundamental data appear in the body of the text. In several instances footnotes have been
used to supply additional facts and preserve the conciseness of the text. Other pertinent material prohibited by lim-
itations of space is to be found in the literature, and for this reason the bibliography is presented in sets of refer-
ences, with a set for each antibiotic listed. Chemical nomenclature has been kept exactly as contributed and is, in
every case, identical with that commonly found in the literature. However, a cross index at the back of the book con-
tains numerous synonyms and proprietary names to facilitate location of any compound listed.

In an attempt to increase the usefulness of the volume, two appendices have been added. The first of these
is an antibiotic efficacylisting in whichorganisms are compiled alphabetically and each is followed by the code num-
bersof allantibiotics showing moderate to highactivityagainst it. The second appendix is a source list of antibiotics,
alphabetized by the source organism.

It must be emphasized that the data presented in these tables, particularly those values concerned with toxi-
cology, are by no means absolute and should be interpreted only as a'yardstick' of activity for the compounds listed.
Again, the literature reference, in most cases, will reveal the number of determinations, the number of animals in
each determination, and conditions under which determinations were made. Some of the conditions which influence
toxicity or biological effect of any given compound are as follows:

a. Dose: Generally, the larger the dose the more rapid the action.

b. Rate of absorption: The faster this rate, the quicker the action of the drug. With oraladministration the
lethal dose may be considerably influenced by the condition of the gastrointestinal tract, especially by the
amount of food and fecal material in the stomach and intestine.

c. Route of administration: For the most part, toxicity or efficacy is greatest by the route that carries the
active substance to the bloodstream most rapidly. Indescendingorder of speed of action, routes for most
drugs are: intravenous, inhalation, interperitoneal, intramuscular, subcutaneous, oral, and cutaneous.
Food in the alimentary canal may delay or decrease activity; digestive enzymes may destroyor alter the
compounds with resultant changes in the effectivenessthereof. Certain compounds are harmless if taken
orally and lethal when introduced parenterally; in some cases the converse is true. The efficacy of the
drug may also vary considerably with the form in which it is administered, i.e., solid, in suspension, or
in solution. In the last instance the activity again may be influenced by the solvent and the concentration.

d. Site of injection: With subcutaneous injections, toxicity maybe affected by the density of the subcutaneous
tissue. With intravenous administration, whether the injection is made into the femoral or jugular vein
may be of importance, but in any case the rate of injection, or the amount of toxic material injected per
minute, will considerably influence the value of the toxic dose.

e. Other important influences: Idiosyncrasy, disease, environmental temperature, habit and tolerance,
diet, season of the year (especially with hibernating animals) may all affect the activity or toxicity of an
antibiotic. These properties will also vary with the species ofanimals used, and sometimes with different
strains of the same species and within the same strain they may differ with age, weight, sex, and the
general condition of the animals.

With all of the above variables exerting their individual or collective influences, it is important that the ac-
tivity be delineated with reference to the time of death, the period of time for which fatalities are counted, or what-
ever other end-point is employed.

Unfortunately, only in rare instances are all these factors considered and specified in the literature on tox-
icity determinations. This renders the duplication of such data by different investigators extremely difficult if not
impossible. At the present time, attempts are being made to put toxicity data on a quantitative basis. The older lit-
erature often refers simply to ''lethal doses' (LD) or '"minimal lethal doses" (MLD), meaning doses which will be

*Data on these compounds will be presented in a forthcoming volume entitled ' Anti-infectives."
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fatal or the smallest dose which will kill a limited number of animals. By using a larger number of animals of com-
parative weight and sex for each level tested, attempts are now being made to determine more precisely the dose
which will kill 50 per cent (LDgg). These values can be further certified by the application of various statistical
methods, by stating the degree of deviation of single values from the mean or the slope of the toxicity curve.

The data in this Handbook are, in the judgment of the contributors, as authentic as can be procured under
the conditions as they exist. It is recognized, however, that all data, and particularly those in the fields of toxi-
cology and antibiotics, are subject to continuing revision as investigators standardize techniques and make more
measurements. The user of the volume is warned against attributingsignificance to small differences from species
to species. He is invited to submit any data he feels should be given consideration.

TOXICITY CLASSES

The toxicological data presented in this Handbook are the result of extensive tests on laboratoryanimals. Frequently,
toxicologists, industrial hygienists, industrial physicians, etc., are asked to translate these data into terminology
that will readily describe the hazards associated with their use. Consequently, classes have been established to de-
fine the toxicity of a chemical material, in common terms, with reference to data obtained by specified animal tests.
The following tabulation of toxicity classes is useful only for those data which are applicable,

COMBINED TABULATION OF TOXICITY CLASSES*

Various Routes of Administration

LDso Inhalation 4-hr e SAa 1T
Boxlclty Cammenly Single Orals+ | V8PoT Exposurel ;p quin pabbits Lethal Dose
Rating Used Term Dose Rats Mortality 50 for Man
2/6-4/6 Rats
1 Extremely 1 mg or less/kg <10 ppm 5 mg or less/kg A taste,
toxic 1 grain
2 Highly 1-50 mg 10-100 5-43 mg 1 teaspoon,
toxic 4 cc
3 Moderately 50-500 mg 100-1000 44-340 mg 1 ounce,
toxic 30 g
4 Slightly 0.5-5 g 1000-10, 000 0.35-2.81 g/kg 1 pint,
toxic 250 g
5 Practically 5-15 g 10,000-100,000 |2.82-22.59 g/kg 1 quart
non-toxic
6 Relatively 15 g and more >100,000 22.6 or more g/kg >1 quart
harmless
* Hodge, H. C., and Sterner, J. H.,, American Industrial Hygiene Association Quarterly, 10:4, 93, Dec. 1943.
% Standards for intravenous LDsgg for rats and rabbits may be obtained approximately by dividing the oral

toxicity standards for rats by 10.
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Antibiotics

1. ABIKOVIROMYCIN

SOURCE Streptomyces rubescens, n. sp, and S. abikoensum, n. sp [1] .
STABILITY Unstable to heat, acid, exposure in dry state {1] .

OTHER REACTIONS Red color on heating 5 minutes at 100°C in 1% phosphate buffer at pH 7; positive Molisch,
Tollens, Ag mirror; sublimes during freeze drying. {1]

BIOLOGICAL ACTIVITY In vitro. Weak antibacterial and antifungal activity. Inhibits, at 62.5-250 ug/ml, Shigella
dysenteriae, Salmonella paratyphi, S. typhimurium, Klebsiella pneumnoniae, Proteus vulgaris, Bacillus anthracis,
Mycobacterium phlei, and Candida albicans. Brucella melitensis, Pseudomonas aeruginosa, Bacillus subtilis and
Micrococcus pyogenes var. aureus are not sensitive, requiring 500 ug/ml or more. Inhibits western and eastern
equine encephalitis virus in dilution of 1:8,000,000. No activity against Venezuelan equine encephalitis and Japanese
encephalitis viruses.{2] Poliomyelitis virus rendered non-infective to mice when mixed with crude filtrates.
Partially purified product exhibited antiviral activity in dilution of 1:25, 000.| 3]

ACUTE TOXICITY LD, in mice, approximately 6.6 mg/kg, i.v., and 66 mg/kg, s.c. [1] .

50

2. ACHROMOVIROMYCIN

SOURCE Streptomyces achromogenes, n. sp [1] .

REACTIONS Extractable with ethyl acetate at pH 2; related to, but not identical with, abikoviromycin and sarcidin
{11.

BIOLOGICAL ACTIVITY In vitro. Inhibits only Sarcina lutea, no other bacteria or fungi. Crude preparation in-
hibited Japanese B encephalitis virus in mice in dilution of 1:16, 000 {1] .

ACUTE TOXICITY Mice tolerated s.c. doses of approximately 100 mg/kg [1] .

3. ACTIDUINS

SOURCE Streptomyces sp (1] .
COLOR Yellow to reddish substances {1] .
MELTING POINT (°C) None definite; darken at approximately 280, but no melting at 350.{1]

SOLUBILITY s. strong mineral acids; sl. s. butanol, ethanol, pyridine, acetic acid, cyclohexanone, dimethyl-
formamide; i. water, etherl.[1]

STABILITY Stable at acid and neutral pH; unstable at alkaline pH [1] .

OTHER REACTIONS Yellowish fluorescence in organic solvents, less so in aqueous solvents; activity may be ob-
scured in beers by faster diffusing substances; contain C, H, N, S, and one contains Cl; precipitated by dilution
after dissolving in strong acids; crystall.ne reineckates soluble in acetone. Infrared peaks: actiduin Il, 6.04, 6.54,
6.86, 7.05, 7.27, 7.47, 7.67, 8.1, 8.3, 8.6, 8.73, 9-9.14, 9.45, 9.87, 10.91, 11.9, 12.2, 12.7,13.33 p; actiduin l11],
6.04, 6.41, 6.86, 7.04, 7.27, 8.1, 8,3, 8,61, 8.71, 9-9.14, 9.45, 10.91, 11.9, 12.2, 12.7, 13.33, 13.91, 14.37 u;
actiduin VI, 6.04, 6.54, 6.86, 7.28, 7.48, 7.67, 8.05, 8.3, 8.58, 9-9.14, 9.4, 9.85, 10.1, 10.9, 12.67, 13.3, 13.9 u.
On hydrolysis they yield both a ninhydrin positive and a fluorescent, somewhat acidic material, the former separat-
ing into acidic and neutral fractions on paper ionophoresis.[1]

QUANTITATIVE DETERMINATION Microbiological: Micrococcus pyogenes var. aureus2 [1y.
BIOLOGICAL ACTIVITY Actiduins I, III, IV, VI inhibit M, pyogenes var. aureus in dilution of 1:60, 000, 000-

1:360, 000, 000. Also highly active against Streptococcus pyogenes, Diplococcus pneumoniae, Corynebacterium
xerose. No activity against Gram-negative bacteria and Mycobacterium tuberculosis.[1}

4. ACTINOLEUKIN

SOURCE A strain of Streptomyces aureus {1] .
MOLECULAR FORMULA (C9H12N203)n[l] X
CRYSTAL FORM AND COLOR White platelets or needles {1] .

MELTING POINT (OC) 191-192 (d.)3 {n.

/1] Different actiduins, however, are soluble in acetone, methanol, or chloroform, and can be separated on this
basis. /2/ Preferably using serial tube dilution. /3/ After repeated crystallization.
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4. ACTINOLEUKIN (Concluded)

UV ABSORPTION MAXIMA 243, 312 mp(1].

SOLUBILITY s. methanol, ethanol, butancl, acetone, ethyl acetate, butyl acetate, dioxane; sl. s. benzene, chloro-
form; i. ether, petroleum ether, water.[1]

OTHER REACTIONS Positive FeCl3, negative ninhydrin, biuret, Tollens, Fehling; purgle ring in Molisch test.
Analysis: C, 55.53, 55.68; H, 6.05, 5.98; N, 14.05, 14.01.[1]

BIOLOGICAL ACTIVITY In vitro. Inhibits Micrococcus pyogenes var. aureus, Sarcina lutea, Bacillus anthracis,
B. subtilis at 0.005-0.04 pg/ml. Gram-negative bacteria not susceptible.
In vivo. Slight inhibition of Ehrlich carcinoma in mice when 6 pg daily were injected, i.p., for 9 days.[1, 2]

ACUTE TOXICITY LD, in mice, 1 mg/kg, i.v. [1].

5. ACTINOMYCELINE

SOURCE Streptomyces sp related to S. antibioticus (1] .
NATURE Neutral, yellowish-green pigment (1] .

SOLUBILITY s. water, ethanol, methyl acetate; less s. acetone; sl. s. amyl acetate, chloroform; i. ether,
benzene.[1]

STABILITY Thermolabile; stable at pH 7, less stable at pH 2.0; destroyed in 0.1 N NaOH in 24 hours.[1]
OTHER REACTIONS Intense fluorescence in ethanol [1] .

BIOLOGICAL ACTIVITY In vitro. Active against Gram-positive bacteria; no activity against fungi and myco-
bacteria.[1]

ACUTE TOXICITY Rats tolerated s.c. doses of 25 mg/kg [1] .

6. ACTINOMYCETIN

SOURCE Streptomyces albus (3] .

NATURE Probably polypeptide enzyme [1] .

SOLUBILITY s. water; i. ether, ethanol.[1]

STABILITY Thermo- and acid labile [1] . Inactivated by UV shorter than 300 mp (2] .

OTHER REACTIONS Precipitated by acetone, ethanol, (NH ) SO ; repeated precipitation with (NH4)ZSO4 yields
10-fold increase in activity.[1, 4]

BIOLOGICAL ACTIVITY Contains a lytic substance, "actinozyme,'" which dissolves dead and, to a lesser extent,
living bacteria, e.g., Micrococcus pyogenes var. aureus, Streptococcus pyogenes, Diplococcus pneumoniae,
Bacillus megatherium [4] .

7. ACTINOMYCINSI

SOURCE Streptomyces antibioticus, S. chrysomallus [12,14,21].
NATURE Weakly basic chromopeptides, quinonoid (4,7, 12] .

MOLECULAR FORMULA AND WEIGHT
Actinomycin A: C41H5gNgO) [4] ; 1000 + (Rast); 768-780, 813 (cryo.); 716 % 15 (cryst.).[1,2, 6)
B: Ce1HggN]20) ¢ or Cg5HggN]050; 1240 + 20 (found); 1245, 1356 (cale.).[7, 9]
Cc: Cg2HggN]0)7 or CyoHg3016N}; 915 (Beckman); 876-944 (Barger-Rast); 1260.4, 1214
(calc.).[5])

Cy: 1296 = 35 [26] .
C3:  CgqHgpO16N)2 [32] 5 1307 & 35, [26]
D: C60H7601 5N} 2°3H; O (proposed); approximately 1200 (by analogy). (23]
J: 1305 + 35
Xp: 1320 % 35.
X2: 1307 & 35.
Xop: 1393  35.[26]

/1/ Actinomycin C also known as actinochrysin, Sanamycin.
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7. ACTINOMYCINS (Continued)

STRUCTURE Actinomycins appear to have a common chromophore but differ in peptides. Peptide-free chromo-
phore (actinomycinol) postulated to be:
o} (0]

OH
CH CH
3 " 3
H
o] [25]
H,C. CH H.C cif,

3 3\/

Actinomycin C

H gH
CO ——————CHI(L) (LICH——"CoO
CH_‘ I:ICH3
sar S.ar
L-Pro Ii" Pro
D-1leu D-Ileu
O []
! co coO |
CH,-CH————CH(L)  (L)¢H—————CH-CH,
N!I NH
co ¢o
NHE‘.
O
CH3 CH3 [32]
CRYSTAL FORM AND COLOR 1
Actinomycin A: red-vermilion platelets [1,2].
B: red plates?, orange needles3 [8] . 3
C1,C2,.C3, 15,1y, Xl: hexagonal bipyramids, six-angled prisms or needles [10,11,13].
D: bright red rhomboid prisms [23] .

X;: rhombic plate55 [10,11,13].
Xop: yellow needles [31]).

MELTING POINT (°C)
Actinomycin A: 250, 252 (d.) [1-3].
B: 250-252 (d., corr.) [8].
Cp:  241-243 (d.)® [10,13].
Cy:  237-239 (d.) |l0,13].
Cy  232-235 (a.)° [10,13] .
D 241.5, 243 (d.) [23] .
242-243 (d.)6 Llo, 13] .
I): 240.5-242 (d.)° [10,13].
X,: 240-242 (d.)g (10,11,13].
Xp:  244-246 (d.)% [10,11,13] .
Xop: 245-247 [31].

OPTICAL ACTIVITY " o 3
Actinomycin A:  [a]%” = -320° £ 5% [1] .
B:  [a]3)! =-332° -340° [3,8].
Cp: )30 = -349° 2 10 [10,13] .
C,:  [a]l? = -325% £ 10 [10,13] .
cy:  [al}? = -321° 2 10 [10,13] .
D:  [a]3®=-315%% 107 [23].
[a]20 = -314° + 10 [10, 13] .
I:  [a]20 = -353% £ 10 [10,13] .

© © o ©

Xp: [a]20 = -309° + 10 [10,13] .
Xp:  [a]}? = -341% £ 10 [20,13] .
Xop: [a]20 = -261° & 108 (31].

/1/ From ether-acetone or ethyl acetate. /2/ Ethanol. /3/ Butanol. /4/ Ethyl acetate, methanol, benzene.
/5/ Ethyl acetate. /6/ Koffler-Block MP determinations. /7/ c, 0.25 methanol. /8/ ¢, 0.22 acetone.
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7. ACTINOMYCINS (Continued)

SPECIFIC EXTINCTIONl AND Rc2 VALUES2

Actinomycin Ca: 0.13, 0.10 [13] .
Co: 0.13, 0.10 [13].
Gyt 20.5 0.72, 0.56 [10,13].
Cy: 19.9 1.00, 1.00 [10,13].
Cj: 18.8 1.39, 1.61[10,13].
Iya: -, 0.12 [13].
) 20.5 0.49, 0.27 [10,13].
1;: 20.7 0.74, 0.63 [10,13].
1: 1.00, 0.97 [13].
I3: -, 1.34 [13].
Xoa: 0.14, 0.17 [13].
X 0.14, 0.39[13].
X1: 17.3 0.48, 0.56 [10,11,13].
X)a: -, 0.71[13].
X 18.6 0.72, 0.98 [10,11,13].
X3t 0.93, 1.49 [13].
Xy 1.11, 1.90 [13].

UV ABSORPTION MAXIMA .
Actinomycin A: 230-250, 450 mp~ [1,2].
B: 240, 447 mp> (8] .
D: 240-242, 422 mp [23].

SOLUBILITY Actinomycin A, B: s. chloroform, benzene, ethanol, acetone, hot ethyl acetate, 10% HCI; sl. s.
water, ether; i. petroleum ether, dilute mineral acids, dilute alkali.[1, 2, 8,12]
C: s. benzene, chloroform, acetone; less s. ethanol, glacial acetic acid; sl. s. water, carbon disulfide.[5]

STABILITY Thermostable except in alkali and strong acid [1,2,12].

AMINO ACID CONTENT Actinomycin A, B, Cy, l,, 1}, X, X,: threonine, sarcosine, proline, valine, n-methyl-
valine [1,4,7,10,13].

C2: threonine, sarcosine, proline, valine, n-methyl-valine, allo-iso-leucine [13] .

C3: threonine, sarcosine, proline, n-methyl-valine, allo-igso-leucine [10,13}.

OTHER REACTIONS Actinomycin A: Transient purple color with concentrated NaOH; negative color reaction with
alcoholic FeClj; reduced by sodium hydrosulfite, stannous chloride or hydrogen over platinum oxide to pale yellow,
reversed by exposure to air; no reaction with sodium bisulfite.[1, 12]

C: Negative ninhydrin; gray~brown precipitate with Nessler, yellow-green fluorescence in methanol or
glacial acetic acid.[5]

E}, Ez: Produced biosynthetically from a C-producing Streptomyces strain by use of pL-isoleucine in
medium [33] .

Fy-Fs: Produced by same strain as above when sarcosine is the precursor [33].

1: ldentical with A [13].

J: May be identical with A [39] .

X mixture: ldentical with B [13] .

Xop: Can be acetylated; has higher threonine content than other actinomycins and contains an amino acid
not present in the others; with acetic anhydride-pyridine produces a crystalline yellow acetate, MP 229°C.[31]

QUANTITATIVE DETERMINATION Microbiological: Bacillus subtilis, Micrococcus pyogenes var. aureus [1] .

BIOLOGICAL ACTIVITY In vitro. Actinomycin A: Inhibits (ug/ml) Streptococcus sp, and Diplococcus pneumoniae
at 1; B. subtilis and Sarcina lutea at 0.01-0.02; Aerobacter aerogenes and Escherichia coli, 200 [14] . Inhibited
certain fungi at 20-100 pg/ml: Aspergillus niger, Fusarium sp, Penicillium sp, and Trichoderma sp. Slight ac-
tivity against Candida albicans, Trichophyton mentagrophytes, and Cryptococcus neoformans.[14, 17]

B: A mixture of A and biologically inactive substances; shows low biological activity.

C: Inhibited (ug/ml) M. pyogenes var. aureus at 0.05, B. subtilis at 0.01, E. coli at 100.[21,22]

1n vivo. Actinomycin A: Inactive against Str. pyogenes and D. pneumoniae infections in mice; slight protec-
tion afforded in infections with Trypanosoma equiperdum.[16] Showed no activity in chicks infected with Plasmo-
dium gallinaceum [34] .

C: Shows cytostatic activity against malignant tumors. Daily i.p. doses of 75-100 mg/kg for 7 days in-
hibited sarcoma 180 in mice; 25-75 mg/kg/da suppressed RC carcinoma and prolonged survival time in mice with
leukemia L-4946.[35] 1n rats with Walker carcinoma, oral, i.v. or s.c. treatment with 50 pg/kg considerably sup-
pressed tumor development [18] . No antitumor activity observed in chick embryos.[24] Intracardiac injections,
in doses of 10 pg, delayed deaths from anaphylactic shock in guinea pigs [27] . No activity in mice infected with
viruses of influenza (PR-8) and rabies [24] .

/1/ At 446 mp in cyclohexane. /2/ First column: butanol, n-dibutyl ether (2:3)/10% sodium-m-creosotinate; 2nd
column: butyl acetate, n-cibutyl ether (3:1)/10% sodium-m-creosotinate. /3/ Ethanol.
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7. ACTINOMYCINS (Concluded)

D: Showed a low therapeutic index in experimental tumors in mice, with activity following dosages of 0.5-
0.75 mg/kg. The most sensitive neoplasms were a glioblastoma, a C3H adenocarcinoma and S-91 melanoma, with
moderate tumoristatic activity against sarcoma 180 and 6C3HED lymphosarcoma. Failed to prolong life in mice
bearing L-1210 leukemia.[36] Daily doses of 0.025 mg/kg in mice and rats had a marked suppressive eff ect on
Ridgeway osteogenic sarcoma and ascites tumor, and little or no effect on solid tumors.[37, 38]

J: Single doses of 5 ug or 0.03-0.5 ug/da, i.p., inhibited Ehrlich ascites carcinoma in mice; the suppres-
sion was only slight when therapy was delayed for 24 hours or longer. Daily doses of 0.125-1.0 pg inhibited sub-
cutaneous solid tumor of Ehrlich carcinoma and Yoshida rat sarcoma. Also active against Usubuchi rat sarcoma
and Takeda rat liver sarcoma.[39] Daily doses of 0.025 mg/kg in mice and rats had a marked inhibitory effect on
Ridgeway osteogenic sarcoma and ascites tumor and little or no effect on solid tumors.[37, 38]

CLINICAL Actinomycin C: Encouraging results in a few patients with lymphogranulomatosis (Hodgkin's disease};
total doses of 1900-4350 ug per patient were used, with no toxic reactions observed.[19] 1ln another series of 30
patients with lymphogranulomatosis, given daily i.v. doses of 50-400 ng, some objective as well as subjective im-
provement described [28] . Favorable clinical responses reported in patients with malignant conjunctival tumors
following intravenous therapy with 0.2 mg/kg/da, increasing to 0.4-0.6 mg/kg [40] . 1n further preliminary obser-
vations, inconclusive results obtained in patients with a variety of inoperable malignant conditions, following daily
i.v. doses of 200 ug for 25 days. These doses appeared to be well tolerated.[24] Daily i.v. injections of 40-150
ug appeared to exert beneficial effect in several cases of bronchial asthma [27].

D: Daily i.v. doses of 25-400 ug, over periods of 9-30 days, failed to alter significantly the course of
Hodgkin's disease in 3 patients [29] .

ACUTE TOXICITY Actinomycin A: LDjgg in mice, 1-2 mg/kg, i.v.; 0.5-5.0 mg/kg, s.c. [14-16] Following
0.125 mg/kg doses in mice, 10-20% excreted in urine in 6 hours [16] . Liver damage, altered kidney function, and
eventual death in rats given daily doses of 0.025-0.1 mg/kg, i.p.[15] .

C: LDjgg in mice, 5 mg/kg, i.p.; 50 mg/kg, oral doses.[20,22] Injection of 30 ug in micc produces a
marked diminution in spleen size within 3 days [27] . In vitro. Bone marrow cells in tissue culture were unaffected
by concentrations of 0.025 ug/ml, but proliferation was retarded by concentrations of 0.25-2.5 pg/ml. No hemolysis
of rabbit erythrocytes in concentrations of 500 ug/100 ml.[30]

D: LDgg in mice, 0.67-0.74 mg/kg, i.v. Marked reduction in size of spleen in mice following i.v. dose of
0.5 mg/kg.[23]

J: LDsg in mice, 0.8 mg/kg, i.v. or i.p.; 1.37 mg/kg, s.c. LDgg in rats, 0.58 mg/kg, i.v.; 0.53 mg/kg,
i.p. Five daily i.v. doses of 16 pg/kg lethal in dogs, 2-4 pg/kg tolerated, 8 ug/kg nephrotoxic. Three daily doses
of 2 pg/kg in rabbits had no adverse effect on the blood picture.[39]

CHRONIC TOXICITY Actinomycin C: In man, following intravenous therapy, thrombocytopenia, stomatitis and
brown pigmentation of the skin have been reported after dosages totaling 7-10 mg over long periods [43] . Lv. doses
in excess of 400 ug may also produce nausea, diarrhea, pharyngitis, alopecia and vaginitis. Intravenous injection
is the route of choice in view of localized reactions following intramuscular or subcutaneous use.[40, 42]

Daily i.v. doses of 20 ug/kg for 60 days were well tolerated in rabbits; 40 pg/kg induced anemia which per-
sisted until antibiotic was discontinued. Doses of 80 pg/kg produced bone marrow changes and reduction in size of
lymph glands, but had no appreciable effect on spleen size.[30]

ABSORPTION AND EXCRETION Actinomycin C: Rapidly eliminated in urine following i.v. therapy in man [40] .
MODE OF ACTION In microbiologic systems using a variety of organisms, a competitive inhibition of pantothenate

by actinomycin D was demonstrated. 1n addition to excess pantothenate, the inhibition could be reversed non-
competitively by certain amino acids, dicarboxylic acids, orotic acid, or adenine.[41]

8. ACTINONE

SOURCE Streptomyces sp related to S. antibioticus [1] .
SOLUBILITY s. ether, butyl acetate; less s. benzene, petroleum ether, ethyl acetate; i. chloroform.[1]

BIOLOGICAL ACTIVITY In vitro. Inhibits Saccharomyces sp and Trichophyton sp in dilutions of 1:1, 000, 000-
1:1,500,000. lnactive against other fungi and bacteria.[1]

ACUTE TOXICITY Low toxicity; mice tolerated i.v. and s.c. doses of 1000 mg/kg [1] .

9. ACTINORHODIN

SOURCE Streptomyces coelicalor ' [3].

NATURE Red pigment [2] ; acidic [4] .

/1/ From mycelium.
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9. ACTINORHODIN (Concluded)

MOLECULAR FORMULA AND WEIGHT C, H 0014' C

32H3 or C,H

321,50

52 aGha L4 566, 587 (found).[4]

STRUCTURE O--H-0O R
i

O-H-+-O

R'
R'"

R', R", R"', R""

2-COZH, Z-CH3. Csﬂlbo2 (4]

CRYSTAL FORM AND COLOR Fine red needles [1] ; microscopic prisms [3] .
MELTING POINT (°C) 270 (d.) (2] .
ABSORPTION MAXIMA 531, 571 mu! [1].

SOLUBILITY s. pyridine, tetrahydrofuran, dioxane, alkali; sl. s. water, alcohol, acetone; i. ether, petroleum
ether.[1]

STABILITY Rapidly changed in weak alkaline solution, but stable in n-alkali; partially destroyed on heating in
tetrahydrofuran or dioxane.[3]

OTHER REACTIONS Blue color in alkaline solution; deep blue solution in HZSO4. becoming red-violet on addition
of boric acid; red solution in acetone, changing to violet-blue with red fluorescence on heating with boric-acetic
anhydride.[1,2] Cultures, made weakly acid and extracted with acetone, yield proto-actinorhodinz which
oxidizes to actinorhodin on treatment with alkali in air [3] .

BIOLOGICAL ACTIVITY In vitro. Inhibits Micrococcus pyogenes var. aureus in dilution of 1:100,000 [1] .

10. ACTINORUBIN

SOURCE Streptomyces sp (1] .

NATURE Basic [1,2].

CRYSTAL FORM AND COLOR Round, reddish orange clusters3 [1].
MELTING POINT (°C) 206-214> (d., corr.) [1] .

STABILITY Thermostable when neutral [1] .

OTHER REACTIONS Base: positive biuret; reduces Fehling, KMnO4; negative Sakaguchi, Molisch; dialyzes through
cellophane; related to streptothricin.[1]

QUANTITATIVE DETERMINATION Microbiological: Escherichia coli [2] .

BIOLOGICAL ACTIVITY In vitro. Inhibits, at 0.004-8.0 units/ml, Bacillus subtilis, B. anthracis, Micrococcus
pyogenes var. aureus, Corynebacterium xerose, C. diphtheriae, E. coli, Aerobacter aerogenes, Salmonella spp,
Shigella spp, Brucella abortus, Br. melitensis, Alcaligenes faecalis, Vibrio comma, Klebsiella pneumoniae,
Mycobacterium tuberculosis [2,3] . Streptococci and Diplococcus pneumoniae are resistant (2] .

In vivo. Good protection against infection with K. pneumoniae in mice treated with very low doses (14-30
re) (2] .

ACUTE TOXICITY LDgg in mice, 34 mg/kg, i.p. Blood levels detectable following i.p., but not oral, doses of
3to 4 mg. Mice surviving higher sublethal doses showed renal and liver damage.[2]

11. ACTITHIAZIC ACID
(Acidomycin, Mycobacidin)

SOURCE Streptomyces virginiae, n. sp, and S. lavendulae [3, 4] ; by synthesis 9] .

/1/ Butanol. [2/ Carmen-red, blue-fluorescing dioxane extract yields rose-colored microscopic prisms which
lose their red color at 270° and decompose at 335°. [3/ Helianthate.
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11, ACTITHIAZIC ACID (Concluded)

NATURE Monobasic acid [1,4,5] .

MOLECULAR FORMULA AND WEIGHT C9H1 SNO3S [1,4-6] ; 212 (neut, equiv.); 217 (calc.).[4]

STRUCTURE  _S
?HZ ?H-CHZ-CHZ-CHZ-CHZ-CHZ-COOH
O=C——NH [1-3]
CRYSTAL FORM Fine needles [4-6] .
MELTING POINT (°C) 140-141 [1]; 138-139 [4]; 139-140 [5]; 137 [6] .
OPTICAL ACTIVITY [a]25 = -60.59! [1], -57°! [4] ; [a]23 = -54°% [5] ; [a]!5 = -46.20 [6] .
UV ABSORPTION No characteristic spectrum [5] .
SOLUBILITY s. dilute NaOH, lower alcohols; i. water, benzene, chloroform.[1]

STABILITY Stable at room temperature over wide pH range [5] .

OTHER REACTIONS Action reversed by addition of biotin [1, 3] ; blue fluorescence in UV; negative Tollens, 2, 4~
dinitrophenylhydrazine, ninhydrin; Br absorbed evolving HBr ir glacial acetic acid or CClg; permanganate quickly
decolorized in aqueous solution; NH; evolved and slight darkening on heating a strongly alkaline solution in
presence of Pb acetate; white precipitate with HgClz; no reaction with HgO.[5]

QUANTITATIVE DETERMINATION Microbiological: Mycobacterium 607 [I, 4, 6] .

BIOLOGICAL ACTIVITY In vitro. Inhibits Myco. tuberculosis at 1,25-2.5 pg/ml. Slightly active (1000 pg/ml)
against Aerobacter aerogenes, Serratia marcescens, Bacillus subtilis, Saccharomyces pastorianus, and Qospora
lactis.[3,4,7] The amide and lower alkyl esters are also active against mycobacteria [2] . Inhibition of Myco.
tuberculosis in vitro is reversed by low levels of biotin (0.008 ug/ml). Has been suggested that activity against
Myco. tuberculosis may be caused by interference with biotin synthesis within this organism.[3,7] In vitro re-
sistance of mycobacteria to actithiazic acid not readily acquired. Only 2-fold increase in sensitivity (0.125-0.25
ug/ml), following 25 serial transfers on antibiotic-containing media.[3]

In vivo. Inactive against infections with Myco. tuberculosis in mice. Suggested that this may be from in-
activation by biotin in vivo [8] . No antitumor activity against Yoshido sarcoma and Ehrlich carcinoma in mice [10] .

ACUTE TOXICITY Mice tolerated i.v. and s.c. doses of 1500 mg/kg [8] . LD, in mice, 2500 mg/kg, i.p. [10] .

CHRONIC TOXICITY No side effects or histopathology noted in mice following daily s.c. doses of 1250 mg/kg daily
for 4 weeks [8].

ABSORPTION Fairly high blood levels obtained in mice following s.c. or oral administration [8] .

12. AGROCYBIN

SOURCE Agrocybe dura [1].

NATURE Neutral or weakly acidic, acetylenic [1,2] .

MOLECULAR FORMULA CBHSOZN [4].

STRUCTURE CHZOHC!CC!CC!CCONHZ [4] .

CRYSTAL FORM AND COLOR White crystals [1] .

MELTING POINT (OC) 130-140 (d. explosively in air) [3] ; approximately 90 (d. explosively in vacuo) [1] .
OPTICAL ACTIVITY Inactive [1].

UV ABSORPTION MAXIMA 216, 224, 269, 286, 304, 325 m“3 [1-3].

SOLUBILITY s. alcohol, acetone, ether, chloroform, methyl-iso-butyl ketone; sl. s. water; i. hexane.[1]

STABILITY Thermolabile above pH 8.5 [1] .

/1/ ¢, 1 absolute ethanol. /2/ c, 1 methanol. /3/ 95% ethanol.
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12. AGROCYBIN (Concluded)

OTHER REACTIONS Crystals turn black after exposure to air; optical density increases 10-fold during 30-minute
treatment with 1% KOH in ethanol.[1, 3]

QUANTITATIVE DETERMINATION Microbiological: Micrococcus pyogenes var. aureus. Antiluminescence.{l]
BIOLOGICAL ACTIVITY In vitro. Inhibits, at 1 pg or less per ml, Bacillus mycoides, B. subtilis, Escherichia
coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, Mycobacterium smegmatis, Myco. phlei, M. pyogenes var.

aureus. Also inhibits fungi: Aspergillus niger, Chaetomium globosum, Trichophyton mentagrophytes.[1]

ACUTE TOXICITY Hightly toxic to mice; LDSO' <6 mg/kg, i.v.
In man, caused a dermatitis.[1]

13. ALBIDIN

SOURCE Penicilliumn albidum [2] .

NATURE Red pigment [1] .

MOLECULAR FORMULA C_H,O, (probable) [11.

CRYSTAL FORM AND COLOR Glistening red needles [1] .

MELTING POINT (°C) No melting at 380 [1] .

SOLUBILITY s. hot ethanol; sl. s. cold ethanol, benzene, pyridine, glacial acetic acid; 1, 4 dioxane.[1]
STABILITY Very unstable, especially above pH 3 [1, 2] .

OTHER REACTIONS Color changes with decomposition on standing: orange — brown at alkaline pH, orange —
colorless — pale brown at acid pH; concentrated HZSO4, green; concentrated HNO3, orange; concentrated HCI,
crimson.[1, 2]

QUANTITATIVE DETERMINATION Microbiological: lnhibi.tion of germination of Botrytis allii spores [2].
BIOLOGICAL ACTIVITY In vitro. Inhibits fungi (ug/ml): Fusarium graminearum, Thamnidium elegans, 0.04;
B. allii, 0.2; F. caeruleum, Penicillium brevi-compactum, P. expansum, P. gladioli, 0.4; Aspergillus terreus, 0.8;

A. niger, Myrothecium verrucaria, Absidia glauca, 1.6, Trichoderma viride, 3.1. Some antibacterial activity; in-
hibits Micrococcus pyogenes var. aureus and Salmonella typhosa at concentrations of approximately 25 pg/ml.[2]

14. ALBOMYCETIN

SOURCE Streptomyces albus [1] .
NATURE Basic [1] .

MOLECULAR FORMULA AND WEIGHT C OgN (proposed); 5964 (Rast). 1]

3ZH54
CRYSTAL FORM AND COLOR Hexagonal; colorless [1] .
MELTING POINT (°C) 166-167 [1].

SOLUBILITY s. xylene, benzene, ethylene dichloride, methanol, ethanol, acetone, ethyl acetate, dioxane, butanol,
tetralin, acid water; sl. s. ether, carbon bisulfide; i. distilled water, petroleum ether.|1]

STABILITY Thermostable at pH 2-9, 10 minutes. At 100°C for 20 minutes: 20% loss at pH 2, 50% at pH 8, no
loss at pH 5.[1]

OTHER REACTIONS Precipitated by ammonium reineckate and picric acid, but not by flavianic acid and methyl
orange; positive Fehling, Tollens; cherry color with Elson-Morgan; negative FeCl;, Molisch, Millon, Sakaguchi,
pentose with phloroglucinol. Infrared: 2.89, 3.1-4.0, 5.74, 5.90, 6.14, 7.47, 7.68, 7.79, 7.89, 8.44, 8.61, 9.01,
9.23, 9.42, 9.88, 10.3, 10.59, 10.97, 11.21, 12,08 u.[1]

QUANTITATIVE DETERMINATION Microbiological: Bacillus subtilis PCl 219l [28]k.

BIOLOGICAL ACTIVITY In vitro. Inhibits (ug/ml) Corynebacterium diphtheriae, 0.1; Streptococcus viridans, 0.4;

/1/ More active at alkaline pH.
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14. ALBOMYCETIN (Concluded)

Micrococcus citreus, B. agri, 0.8; B. anthracis, B. subtilis, Gaffkya tetragena, 1.6; Diplococcus pneumoniae, 3.1;
M. pyogenes var, aureus, 3.1-6.3; Str. pyogenes, Clostridium histolyticum, 6.3; Cl. perfringens, Cl. sporogenes,
12.5; Escherichia coli, Pseudomonas aeruginosa, Proteus vulgaris, 800. Leptospira icterohemorrhagiae inhibited
by 0.4 pg/ml. Fungi: Trichophyton mentagrophytes, Aspergillus niger, Saccharomyces cerevisiae, Candida
albicans not sensitive to 500 pg/ml. No activity against E. coli bacteriophage C or against viruses of influenza A or
Japanese B encephalitis.[1]

In vivo. Doses of 62 mg/kg, i.p., protected mice infected with Borrelia duttoni [1] .

TOXICITY LDgg in mice, 166 mg/kg, i.v.; approximately 332 mg/kg, i.p.; 58 mg/kg, intracerebral. LDg, 250
mg/kg, i.p.[1)

15. ALBOMYCIN

SOURCE Streptomyces subtropicus, n. sp [1,2] .

NATURE Basic; cyclic polypeptide containing Fe.[l, 2]

MOLECULAR WEIGHT >1300 (1,2].

FORM AND COLOR Sulfate: amorphous red powder [1,2] .

UV ABSORPTION MAXIMA Approximately 290, 420 my [1,2].
SOLUBILITY s. water; sl, s. methanol; i. other organic solvents [1,2] .

OTHER REACTIONS About 4% of pure substance by weight is Fe; removal of Fe by treatment with acetone, with
mineral acids or hydroxyquinoline, gives color loss and decline in antibiotic activity, but addition of FeCljy restores
both; negative Sakaguchi, Millon, Pauly, Molisch, Seliwanoff, orcinol, phloroglucinol, ninhydrin; contains ornithine,
serine, glutamic acid, alanine, glycine, proline, plus one unidentified amino acid.[1, 2]

BIOLOGICAL ACTIVITY [In vitro. Active against Gram-positive and Gram-negative bacteria. Inhibits Escherichia
coli and Micrococcus pyogenes var. aureus at 0,0014-0.14 pug/ml.[3] Strains of the latter which are resistant to
penicillin, streptomycin, erythromycin, and the tetracycline antibiotics, are sensitive to albomycin. Aerobacter
aerogenes, Klebsiella pneumoniae, Shigella dysenteriae, Diplococcus pneumoniae, Bacillus subtilis, Sarcina sub-
flava, and some strains of Streptococcus pyogenes, are also sensitive; Neisseria meningitidis and Hemophilus per-
tussis inhibited by higher concentrations. Listeria sp, B. mycoides, and Mycobacterium tuberculosis not sensitive.

Growth inhibition occurred only under aerobic conditions. Activity reduced in presence of blood serum be-
cause of a partial, but reversible, binding by serum protein. The antimicrobial activity is '"masked" in vitro, but
is demonstrable in vivo by mouse protection tests.[2]

In vivo. Described as more active, on a weight basis, than penicillin against D. pneumoniae and Spirochaeta
sogdianum. Single s.c. doses of 750, 000 units/kg" protected mice against D. pneumoniae; 150, 000 units daily by the
same route cleared guinea pigs of S. sogdianum. A single s.c. dose of 25, 000-100, 000 units/kg protected mice
against K. pneumoniae. The antibiotic also protected mice against M. pyogenes var. aureus, Str. pyogenes, and Sh.
dysenteriae, but was ineffective against Listeria sp, Salmonella sp, Myoo. tuberculosis and rickettsiae.[2]

CLINICAL Good clinical responses following treatment of various pathogenic cocci infections (including those
caused by penicillin-resistant strains) and in septic complications of dysentery and measles. Intrathecal injection
of 100,000-200, 000 units in children effectively controlled meningitis caused by penicillin-resistant strains of D.
pneumoniae; these doses were well tolerated. In adults, 3 million units b.i.d., administered i.m. for 7-12 days,
effectively treated relapsing fever caused by Spirochaeta sogdianum. Good results have also been reported in
peritonitis and other surgical infections, prostatitis, and in urethritis from penicillin-resistant N. gonorrhoeae [2] .

PHARMACOLOGY The very low toxicity resembles that of penicillin. In mice, the highest levels tested (50 million
units /kg), i.v. and s.c., were well tolerated. The antibiotic was also well tolerated as high doses in rabbits, cats,
and, unlike penicillin, in guinea pigs. l.v. injections of large doses had no effect on the heart rate, blood pressure
or respiration in animals. No histopathology observed in animals given large parenteral doses daily for 30-day
periods. No side effects in man treated with daily doses of 6 million units for variable periods. Following s.c. injec-
tions in rabbits of 100, 000 units/kg, blood concentrations of 240 units/ml were produced in 30 minutes, decreasing
to 150 units in 4 hours and 100 units at the end of 24 hours, with about 70-80% of the total dose not bound by serum
proteins excreted in the urine for 6-8 hours after administration. The protein-bound fraction was slowly excreted
for 2-3 days. Wide distribution demonstrated in the various organs and tissues, with no penetration into the
cerebrospinal fluid.[2]

16. ALTERNARIC ACID

SOURCE Alternaria solani [2] .

/1/ One unit equivalent to approximately 0.02 Oxford unit of penicillin [2] .
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16. ALTERNARIC ACID (Concluded)

NATURE Unsaturated dibasic acid [1] .

MOLECULAR FORMULA AND WEIGHT C, H, Og; 408 (Rast); 410 (calc.).[1]

CRYSTAL FORM AND COLOR Colorless, thin rectangular plates or elongated prisms [1] .
MELTING POINT (°c) 138[1].

OPTICAL ACTIVITY Inactive [1].

UV ABSORPTION MAXIMUM 273 mu [1] .

SOLUBILITY s. ethanol, methanol, pyridine, chloroform, benzene, ether, carbon tetrachloride; sl. s. cold water;
i. petroleum ether.[1] .

STABILITY Thermostable [1] .

OTHER REACTIONS Positive hydroxamic, FeCls; no reduction of Fehling, Schiff; reduced warm ammoniacal
AgNO3; decolorized Br water or KMnO4 in acetone.[1]

QUANTITATIVE DETERMINATION Microbiological: Stunting of germ tubes of Botrytis allii or Myrothecium
verrucaria [1] .

BIOLOGICAL ACTIVITY In vitro. Antifungal activity (plant pathogens). Inhibits (ug/ml) spore germination of
Absidia glauca and M. verrucaria at concentrations of 0.1-1.0; B. allii at 10.[2]  No antibacterial activity (3] .

TOXICITY Toxic to radish, cabbage, carrot and tomato seedlings in concentrations of 1-10 pg/ml [1] . May be the
chemical agent which is directly responsible for the disease effects of early blight of potatoes [4] . A crystalline
toxin isolated from Alternaria solani filtrates, apparently identical with alternaric acid, produced wilting,

epinasty and necrosis in tomato cuttings within a few hours, in dilutions as high as 1:50, 000, 000 [5] .

17. ALTERNARINE

SOURCE Alternaria solani [1] .
CRYSTAL FORM AND COLOR White needles [1] .
MELTING POINT (°C) 230 [1].

BIOLOGICAL ACTIVITY 1n vitro. Active against a number of bacteria and fungi including Pseudomonas medicaginis,
Ps. mori, Xanthomonas phaseoli, X. malvacearum, X. campestris, Agrobacterium tumefaciens, Penicillium
claviforme, P. chrysogenum and Botrytis allii. Also active against Micrococcus pyogenes var. aureus, Bacillus
mesentericus, B. alvei, B. mycoides, Sarcina lutea, Streptococcus pyogenes, Proteus vulgaris, Escherichia coli,
Mycobacterium sp and Myco. phlei.[1]

18. ALTERNARIOL

SOURCE Alternaria tenuis [1] .
NATURE Substituted dibenzo-a-pyrone [1] .

MOLECULAR FORMULA C,,H, O, [1].

STRUCTURE
O0—CO OH
CH3 OH (1]

CRYSTAL FORM AND COLOR Colorless needles [1] .
MELTING POINT (°C) 350 {(d.} (1] .

SOLUBILITY s. cold aqueous NaZCO3 or NaOH, ethanol, cold concentrated HZSO4, methanol, acetone, ether;
i. aqueous NaHCO3, benzene, petroleum ether.[1]
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18. ALTERNARIOL (Concluded)

OTHER REACTIONS Sublimes without decomposing at 250°C in high vacuum; yellow-green in alkaline solution,
becoming orange-red overnight; ethanolic solution gives intense purple color with ethanolic FeClj; reduces Fehling;
bright cherry-red color in aqueous layer when boiled in aqueous NaOH with an equivalent volume of CHClj; yellow
solution with strong blue-green fluorescence in cold concentrated H,SOy; no precipitation with Brady.

Alternariol methyl ether (C;sH),05), MP 267°C (d.), is formed concurrently in fermentation; sublimes at
180-200°C in high vacuum; no optical activity; other properties very similar to alternariol. Demethylation, by
heating at 140°C with concentrated HI, yields alternariol almost quantitatively.[1]

BIOLOGICAL ACTIVITY In vitro. Inhibits Micrococcus pyogenes var. aureus in dilution of 1:40, 000; Escherichia
coli, 1:20,000 [1].

19. ALVEIN

SOURCE Bacillus alvei [1] .
NATURE Probably strong basic polypeptide [1] .

SOLUBILITY Base: s. ethanol, butanol; decreasing solubility above pH 7 in water. HCl: s. ethanol, water;
i. acetone, chloroform, ether. [1]

STABILITY Thermostable at acid pH; less so at alkaline. [1]

OTHER REACTIONS Positive reaction for arginine, negative for tyrosine and tryptophan; positive ninhydrin after
hydrolysis; presence of other amino acids indicated; inactivated by trypsin.[1]

QUANTITATIVE DETERMINATION Microbiological: Micrococcus pyogenes var. aureus [1].
BIOLOGICAL ACTIVITY In vitro. Inhibits Mycobacterium tuberculosis in dilution of 1:100, 000; Myco. phlei,
1:32,000,000; Bacillus anthracis, M. pyogenes var. aureus, 1:512,000; Streptococcus pyogenes, Corynebacterium

diphtheriae, 1:128,000.[1]

TOXICITY Hemolyzes red blood cells [1] .

20. AMAROMYCIN

SOURCE Streptomyces flavochromogenes [1] .
NATURE Basic [1].

MOLECULAR FORMULA C N (proposed) [1] .

25t3907
CRYSTAL FORM AND COLOR White prisms [1] .
MELTING POINT (°C) 164.5-165 [1] .

OPTICAL ACTIVITY [a)% =+ 6.19° [1].

UV ABSORPTION MAXIMUM 220 myu’ [1].

SOLUBILITY 8. ether, chloroform, methanol, benzene, toluene, ethyl acetate, butanol, carbon tetrachloride,
ethanol, warm carbon disulfide; sl. s. cold carbon disulfide, petroleum ether, water. HCl: s. water.[1]

OTHER REACTIONS Free base analysis: C, 63.66; H, 8.73; N, 3.0. Infrared: 2.9, 3.4, 5.7, 6.10, 6.85, 7.2,
7.45, 7.85, 8.38, 8.60, 9.0, 9.25, 10.15, 10.60, 11,3 u, Bitter taste; yellow color when concentrated H, 580, is
added to aqueous solution; positive Fehling, Tollens; negative FeCljy, Schiff, Sakaguchi, xanthoproteic, biuret,
ninhydrin, Molisch; precipitated from aqueous solution by picric acid, reinecke salt.[1]

QUANTITATIVE DETERMINATION Microbiological: Bacillus subtilis PCI 2193 [1].

BIOLOGICAL ACTIVITY In vitro. Inhibits (ug/ml) Streptococcus pyogenes, B. agri, 0.2; Hemophilus pertussis,
0.4-50; Sarcina lutea, 0.05; Diplococcus pneumoniae, 0.78-1,56; Corynebacterium diphtheriae, 0.78; Micrococcus
pyogenes var. aureus, 0.78-3.2; B. subtilis, 3.2; Brucella abortus, 1.56;, Br. melitensis, Br. suis, 6.25; Proteus
vulgaris, 12.5; Mycobacterium avium, Myco. phlei, 25; Myco. smegmatis, Saccharomyces cerevisiae, 50. Myco.
tuberculogis, Escherichia coli, Vibrio comma, Shigella dysenteriae, Salmonella enteritidis, Nocardia asteroides,
Candida albicans and Trichophyton mentagrophytes not sensitive to 50 pg/ml.[1]

ACUTE TOXICITY I.v. doses of 150-232 mg/kg toxic to mice [1] .

/1/ 1% in ethanol, [2/ With broad peak. /3/ Increased zones on alkaline pH agar.

WADC TR 55-16 13



2l. AMICETIN
(Allomycin, Sacromycin)

SOURCE Streptomyces fasciculatus [1] ; S. sindenensis [9] ; S. vinaceus-drappus [10] .
NATURE Amphoteric [4] .

MOLECULAR FORMULA AND WEIGHT Free base: N()O9 [1-4]; 620.7 (calc.) [4].

CaqHlyy
STRUCTURE Partial:

CH3 CHj
\N/
OH
(0]
HOCHZ O CH,
/=x- (I) Ol $H3
| |
CH3 (8] N N/ NHC-@—NHC-?CHZOH

NHZ

o] (7]

CRYSTAL FORM AND COLOR Colorless needles [6] .
MELTING POINT (OC) Free base: 160-165; 165-169 (1-4, 6] . Granular form: 243-245[1-4].

OPTICAL ACTIVITY [a]%} = +116.5°% (3] ; [a]'f = +107.70 2+ 4] [6] .

UV ABSORPTION MAXIMA 3052, 3163, 3024. 3225, 318 mp.6 [1-3].

SOLUBILITY s. water7. aqueous mineral acid and alkali, n-butanol saturated with water; sl. s. organic solvents.
[3, 4, 6]

STABILITY Most stable at pH 5; especially unstable above 8.5.[4]

OTHER REACTIONS pK 7 and 10.4; apparently 2 antibiotics in beers.[1-4] Positive ninhydrin; negative biuret,
Sakaguchi, Fehling, Ag mirror, FeCl3.[6]

QUANTITATIVE DETERMINATION Microbiological: Micrococcus pyogenes var. aureus; Mycobacterium avium.
(2,3]

BIOLOGICAL ACTIVITY In vitro. Active against Gram-positive bacteria, particularly mycobacteria. Inhibits
(,g/ml) Myco. tuberculosis, 0.5-1.0; Myco. avium, Myco. smegmatis, Leuconostoc citrovorum, Corynebacterium
diphtheriae, 1.6; Myco. phlei, 0.2; M. pyogenes var. aureus, 2.0; Bacillus subtilis, 4.0; M. flavus, 0.4; Klebsiella
pneumoniae and Escherichia coli, >20.[1,2] The following sensitivity levels (ug/ml) appear in another report:
C. diphtheriae, Gaffkya tetragena, 0.4; M. citreus, Clostridium tetani, 0.8; B. subtilis, Hemophilus pertussis,
Salmonella enteritidis, Vibrio comma, Mjyco. tuberculosis var. hominis (including streptomycin-resistant strains),
1.6; M. pyogenes var. aureus, 1.6-3.2; Myco. avium, 3.2; B. anthracis, Streptococcus pyogenes, Cl. perfringens,
Cl. botulinum, 6.3; Str. mitis, Diplococcus pneumoniae, 12.5; B. agri, 50; Shigella dysenteriae, Proteus vulgaris,
100. Resistant to 100 pg/ml: Salmonella typhosa, S. paratyphi, S. schottmuelleri, Sh. boydii, Sh. sonnei,
Pseudomonas aeruginosa, yeasts and filamentous fungi.[6] Antibacterial activity antagonized by a number of
antifungal and antiprotozoal antibiotics, including trichomycin, eurocidin, aureofacin, and seligocidin, but not by
antibacterial agents (chlortetracycline, chloramphenicol, dextromycin, acidomycin, streptomycin). Activity was
not impaired by a variety of amino acids, pyrimidine compounds and vitamins.[8]

In vivo. Some protection against Myco. tuberculosis in mice [1] . Activity against one strain of mouse
leukemia following multiple doses of 200 mg/kg, i.p., or 2000 mg/kg, oral [5].

ACUTE TOXICITY LD, in mice, 90 mg/kg, i.v.; 600-700 mg/kg, s.c.8 Toxic for guinea pigs. LDgy in rats,
200 mg/kg, i.v.; 600 mg/kg, s.c.[2] In another report, mice tolerated doses of 100 mg/kg, i.v.; 400 mg/kg, i.p.;
500 mg/kg, s.c.; and 2000 mg/kg, orally. Daily intramuscular doses of 200 mg/kg for 2 weeks were well tolerated.

(6]

RESISTANCE Strains of B. megatherium readily developed a high degree of resistance (7] . A strain of M. pyogenes
var. aureus developed 150-fold resistance after 9 passages in the antibiotic. The resistance development pattern re-
sembled that characteristic of streptomycin.[6]

/1/ ¢, 0.5in 0.1 N HCl. /2/ Neutral aqueous solution. /3/ 0.1 N HCl. /4/ HCl at pH 2.5. /5/ 0.1 N NaOH.
/6/ NaOH at pH 11.4. [7/ 1-2 mg/ml. [8/ Citrate complex.
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21, AMICETIN (Concluded)

MODE OF ACTION Essentially bacteriostatic; high concentration (500 ug/ml) was bactericidal to M. pyogenes var.
aureus in 12 hours [6] .

22. p-4-AMINO-3-ISOXAZOLIDONE
(PA-94)
Trademarks for p-4-amino-3-isoxazolidone are Cycloserine (Commercial Solvents Corporation),
Seromycin (Eli Lilly & Company), and Oxamycin (Merck & Co., Inc.).

SOURCE Streptomyces garyphalus, n. sp [1], S. orchidaceus, n. sp [2], S. lavendulae [9] , and by synthesis [10] .
NATURE Weakly acidic [2] ; amphoteric [8, 9] .

MOLECULAR FORMULA AND WEIGHT C3HgN,0, [2,3]; 102 (calc.) [5] ; 101 (cryo.) [4] ; 101-102 (equiv. wt.,
titr.) (4] ; 104 (equiv. wt., pot. titr.) [2]; 110-130 (Rast) [8]

STRUCTURE

Hz(lf (|3H-NHZ

O\ /C=O

N

& (2-5]
CRYSTAL FORM AND COLOR Colorless crystals [4] ; fine white needles [5].
MELTING POINT (°C) 154-155 [4]; 156 [2]; 153 [8] ; 140-150 (d.} [9] .
OPTICAL ACTIVITY [a]25 = +1160% [4], +1120% [5], +64°% [9] ; [a)24 = +121°° [3] .
UV ABSORPTION MAXIMUM 226 mpu [4] .
SOLUBILITY v.s. water; s. methanol; sl. s. most organic solvents (8, 9] .
STABILITY Stable to alkali [4] ; thermostable [9] .

OTHER REACTIONS Positive ninhydrin; one-half of the N exists as a primary amino group; o(-)serine and hy-
droxylamine isolated from hydrolysates; Ag salt, C3HgN,0, Ag, prepared; Ca salt, MP 215- 220° (d.), [n]Z =173.7°
(c, 1 water), more stable than ionic form; pKa 4.4, 7.3-7.4; dimerizes in solution. Infrared: No band in regxon of
2.5-3.4 p; broad hydrogen bonded NH-OIl stretching frequencxes in the region 3.6-4.7 p; maxima at 6.12, 6.20, 6.28,
6.43, 6.52 u.[2,4,5] Yellow-brown with ninhydrin, red with FeCly; poorly adsorbed except on strong cation and
anion exchange resins; addition of p-toluenesulfonic, or other strong organic acids, facilitates extraction with
higher alcohols.[8, 9]

QUANTITATIVE DETERMINATION Colorimetric [14] . Microbiological: Micrococcus pyogenes var. aureus [1] ;
Bacillus subtilis, Escherichia coli [9] .

BIOLOGICAL ACTIVITY In vitro. Inhibits (ng/ml) Mycobacterium tuberculosis (including strains resistant to
isoniazid, pyrazinamide, and p-aminosalicylic acid), 2.5-10; Corynebacterium diphtheriae, M. pyogenes var. aureus,
6.25-50; C. pseudodiphtheriticum, 6.25-<62.5; C. renale, C. xerose, 12.5; Myco. phlei, 20-125; Klebsiella
pneumoniae, 25-500; Streptococcus (group D) 50-100; C. pyogenes, Pasteurella multocida, Str. pyogenes, Str.
viridans, Diplococcus pneumoniae, Salmonella gallinarum, S. pullorum, S. schottmuelleri, Shigella dysenteriae,
Sh. paradysenteriae, Sh. sonnei, E. coli, M. conglomeratus, Neisseria meningitidis, 100; Pseudomonas aeruginosa,
100-1000; Proteus spp, 125-500; Str. faecalis, 200; Alcaligenes faecalis, S. typhimurium, 400. Fungi: Candida
albicans, Cryptococcus neoformans, Blastomyces dermatitidis, Trichophyton mentagrophytes, Microsporum
audouini, Epidermophyton floccosum not inhibited by 100 ug/ml [1-3,6] . Combinations of this antibiotic with
streptomycin, penicillin, or oxytetracycline show synergistic effect against Gram-positive (including Myco. tubercu-
losis) and Gram-negative bacteria in vitro and in vivo [1, 3] .

In vivo. Relatively inactive against Myco. tuberculosis infection in mice treated with oral or s.c. doses of
10 mg/da, but when combined with dihydrostreptomycin the therapeutic effect is greater than that of the latter alone
[3) . Good protection in mice infected with M. pyogenes var. aureus and K. pneumoniae following s.c. or oral doses
of 1.1-2.5 mg, or S. schottmuelleri after mouse doses of 5.2 mg. Also effective in mouse infections with E. coli,
Ps. aeruginosa, Str. pyogenes, D. pneumoniae, and penicillin-resistant strains of M. pyogenes var. aureus. In
chick embryos, 1-5 mg suppressed Rickettsia mooseri (murine typhus); on a weight basis the antibiotic was approx-
imately 1/10 as active as chlortetracycline. In mice, single s.c. or oral doses of 330 mg/kg gave protection against
R. mooseri, and on a weight basis was approximately 1/50 as active as chlortetracycline. Slight suppression of
feline pneumonitis virus in embryonated eggs; ho activity against viruses of SK encephalomyelitis and swine in-
fluenza. 1ln mouse infections with Borrelia novyi, the organisms were completely eliminated following treatment,

/1/ From aqueous alcohol. /[2/ c, 1.17 water. /3/ ¢, 5in 2 N NaOH. /4/ Methanol. /[5/ ¢, 2.53 water.
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22. p-4-AMINO-3-ISOXAZOLIDONE (Concluded)

but the antibiotic was only approximately 1/10 as active as penicillin on a weight basis. Slight activity against
Entamoeba histolytica in rats and Plasmodium gallinaceum in chicks. No effect on cecal coccidiosis (Eimeria
tenella) in chicks, enterohepatitis (Histomonas meleagridis) in turkeys, or experimental trypanosomiasis (Trypano-
soma brucei) in mice. No anthelmintic activity against Schistosoma mansoni or mouse oxyurids.[3] No activity
against psittacosis virus in chick embryos [15] . Little or no protection in guinea pigs with experimental tubercu-
losis [16] .

CLINICAL Favorable responses reported in preliminary trials in advanced pulmonary tuberculosis refractory to
treatment with other antitubercular agents, following oral doses of 1-1.5 g/da for 6 weeks-4 months [7,17) . Good
clinical response in urinary tract infections in which Proteus, Pseudomonas, Aerobacter aerogenes, and Escherichia
coli were predominating organisms (6] ; also good response in bacterial pneumonia and chronic upper respiratory
infections [18,19] . Preliminary trials showed good results in herpetiform infections [18) , and in donovanosis [21] .
Was ineffectual in treatment of gonorrhea and lymphogranuloma venereum [19, 20] .

PHARMACOLOGY In man, side effects were rare following daily oral doses of 1-4 g; some patients showed head-
ache, vertigo, and drowsiness during therapy; anorexia and neurological symptoms in isolated cases.[6,7] Readily
absorbed from gastrointestinal tract. Following oral doses of 0.5-1.0 g, blood levels of 6-15 ug/ml produced in 4
hours, dropping to 2-7.5 ug/ml in 24 hours; urine concentrations of 52-190 ug/ml observed in 8 hours with continu-
ous excretion for 48 hours, but no significant levels in the feces. Very high blood concentrations observed following
oral amounts of 2-3 g/da in divided doses. Preliminary studies indicate high levels obtained in cerebrospinal and
pleural fluids.[6,11] After oral doses, the concentrations in spinal fluid and in milk approximated those in plasma.
The antibiotic was well distributed in the body tissues. Single oral, or intramuscular, doses penetrated the placental
barrier. Following intramuscular injection of 250 mg, 26% of the administered dose was excreted into the urine
during the following 24 hours at concentrations of approximately 54 pg/ml. Neurological symptoms, both excitatory
and depressant, appeared in several cases of tuberculosis during treatment. Grand mal seizures, twitchings and
psychoses have been observed.[17,21-23, 25]

In mice, the LDsg was reported as 1810 mg/kg, i.v.; 2870 mg/kg, i.p.; 2800 mg/kg, s.c.; 5290 mg/kg, oral.
LDsgg in rats, >3000 mg/kg, s.c.; >5000 mg/kg, oral; in guinea pigs, >1000 mg/kg, s.c.; >2000 mg/kg, oral; in
dogs, >2000 mg/kg, oral. High doses (50 mg/kg, i.v.) resulted in a transient depressor action in the anesthetized
dog, with no significant effect on the heart or intestinal motility. The renal clearance in dogs approximated the
glomerular filtration rate. Daily i.v. doses of 50-100 mg/kg in dogs over a one-year period, and multiple oral
doses of 100-300 mg/kg/da in monkeys, produced no visceral or hemopoietic changes.[26] In guinea pigs treated
with a single i.m. dose of 65-70 mg/kg, the average plasma level was 95 pg/ml in 1-1/2 hours, dropping to 10 ug/ml
at 7 hours [27] . In monkeys, dogs, and rabbits, the antibiotic was rapidly absorbed from the stomach and intestines,
with high levels in plasma, urine, lymph, amniotic fluid and fetal blood [26] .

MODE OF ACTION [In vitro. Activity against Myco. tuberculosis is bacteriostatic rather than bactericidal. The
antibiotic does not appear to arrest immediately metabolism of Myco. tuberculosis, since exposure to 20 ug/ml had
no effect on oxygen consumption during the first six hours.[24]  Unlike isoniazid, there was no significant tubercu-
locidal effect in the presence of glucose [12] . Action against Myco. paratuberculosis is reversed by increasing
concentrations of mycobactin, a growth factor prepared from Myco. phlei. Since Myco. paratuberculosis is unable to
synthesize mycobactin, it appears that the antibiotic competes directly with this factor.[13]

23. AMPHOMYCIN

SOURCE Streptomyces canus [1] .

NATURE Amphoteric; acidic polypeptide.[I, 3]

OPTICAL ACTIVITY [a)25 = +7.5%0.5" [1,3] .

UV ABSORPTION MAXIMA Only end adsorption [1, 3] .

SOLUBILITY s. waterz, lower alcohols; i. non-polar solvents.[1, 3]

STABILITY Stable in aqueous solution 1 month at pH 7, room temperature [1, 3] .

OTHER REACTIONS Negative ninhydrin (positive after acid hydrolysis), Sakaguchi, Molisch, Ehrlich-Pauly;
positive biuret [1,3] .

QUANTITATIVE DETERMINATION Microbiological: Bacillus subti1i53 [1,3].

BIOLOGICAL ACTIVITY In vitro. Active against Gram-positive bacteria; no activity against Gram-negative

bacteria and Candida albicans. Inhibits (ug/ml) Corynebacterium xerose, 0.25; B. anthracis, B. cereus, Lacto-
bacillus leichmannii, 0.5; Streptococcus agalactiae, Str. dysgalactiae, 1.25; Str. pyogenes, Str. uberis, Diplococcus
pneumoniae, Micrococcus pyogenes var. aureus, 2.5; B. subtilis, L. casei and Gaffkya tetragena, 5; L. acidophilus, 10.

/1/ ¢, 1 water pH 6. [2/ Minimum solubility at pH 3-4 [3). /3/ ATCC 6633.
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23. AMPHOMYCIN (Concluded)

Resistant, >100 pg/ml: Salmonella typhosa, Klebsiella pneumoniae, Proteus vulgaris, Pseudomonas aeruginosa,
Escherichia coli, Shigella sonnei, Candida albicans.[1]

In vivo. Doses of 0.5 mg/kg, i.p., gave good protection against infections with D. pneumoniae in mice;
much larger oral doses were required.[1] 3

ACUTE TOXICITY LDg, in mice, (Na salt) 178 mg/kg, i.v.; (Ca salt) 120 mg/kg, i.v. LDsq in dogs (Na salt),
100 mg/kg, i.v.; >500 mg/kg, oral. Single i.m. doses of 60 mg/kg tolerated by rats, rabbits, and dogs with some
irritation at injection site.[2]

CHRONIC TOXICITY Mice tolerated 100 mg/kg/da, i.p., for 20 days. Repeated injections in dogs of 15-50
mg/kg/da, i.v., or 20-40 mg/kg, i.m., did not alter blood chemistry or cell counts; a slight proteinuria noted.
Doses >50 mg/kg produced some renal and cardiovascular damage. Repeated daily topical applications of 1-2.5%
to rabbit eye were non-irritating; higher concentrations induced mild reactions.[2] In vitro. Partial hemolysis of
red blood cells [1] .

ABSORPTION Rapidly absorbed following i.m. administration in dogs and rabbits; poor absorption after oral doses.
I.m. injection of 20-40 mg/kg gave very high serum concentrations which were maintained between 1-5 hours, with
approximately 37% of the total dose excreted in urine within 24 hours.[2]

24. AMPHOTERICINS

SOURCE Streptomyces sp [1] .
NATURE Amphoteric [2] . Neutral equivalent, A: 915; B: 929.[1]

STRUCTURE
Amphotericin A: conjugated tetraene.
B: conjugated heptaene.[2]

OPTICAL ACTIVITY 23.5
Amphotericin A: [a]p°
B: [a]23.5 = -33.60

-9.9°1.1 +320%, -
, +3330% [2]

UV ABSORPTION MAXIMA 3 4
Amphotericin A: 291, 305, 320 mp,a' . g
B: 364, 383, 408 mp°>; 363, 382, 406 my [1].

SOLUBILITY s. aqueous lower alcohols at pH 10.5. Amphotericin A more soluble than B in methanol-CaCl,, N,
N-dimethylformamide; i. anhydrous alcohols, esters, ethers, benzene, toluene, HZO at neutral pH.[Z]

STABILITY Dry solids stable for long periods at moderate temperature,
Amphotericin A: Stable at pH 6 and 7 at 30°C. )
B: Undergoes decomposition at all pH values between pH 4 and 10.[2]

OTHER REACTIONS Analysis: Amphotericin A: C, 60.32; H, 8.39; N, 1.72; B: C, 60.40; H, 8.38; N, 1.62. Both
negative FeCljy; both positive Molisch; decolorize KMnQ4 or BrZ-CC14; yield volatile bases when treated with con-
centrated NaOH. Amphotericin A forms water-soluble Na salt with methanolic NaOH, B does not; A forms methanol-
soluble CaCl; complex, B does not [2] .

QUANTITATIVE DETERMINATION Microbiological: Saccharomyces cerevisiae5 fgs

BIOLOGICAL ACTIVITY In vitro. Primarily active against yeasts and fungi.

Amphotericin A: Inhibits (ug/ml) Histoplasma capsulatum, Rhodotorula glutinis, 0.8; Candida tropicalis,
C. pseudotropicalis, Rh. mucilaginosa, Sac. cerevisiae, Sporotrichum schenckii (yeast phase), Microsporum
audouini, Trichophyton megnini, Epidermophyton floccosum, Phialophora verrucosa, Blastomyces brasiliensis,
1.2-1.8; C. albicans, T. rubrum, T. gallinae, Monosporium apiospermum, Cryptococcus neoformans, Fusarium
bulbigenum, 2.4; Candida parakrusei, T. tonsurans, T. mentagrophytes, Aspergillus fumigatus, 3.1-3.9; Micro-
sporum canis, Cladosporium wernecki, Fonsecaea pedrosoi, F. compactum, Geotrichum sp, 4.0-4.7; Candida
parapsilosis, 5.5; Cephalosporium recifei, 5.9; Cladosporium carrioni, 6.3; Microsporum gypseum, 9.4; S. schenckii
(mycelial phase), 18.8. Bacteria and Nocardia spp not sensitive to 50 ug/ml.[1]

B: Inhibits (ug/ml) S. schenckii (yeast phase), <0.07; H. capsulatum, 0.04; Cr. neoformans, Ep. floccosum,
Bl. brasiliensis, 0.2; Candida albicans, Rh. glutinis, Rh. mucilaginosa, Sac. cerevisiae, 0.5-0.6; C. pseudo-
tropicalis, C. parakrusei, Microsporum audouini, T. megnini, Monosporium apiospermum, 0.9-1.1; A. fumigatus,
1.9; T. mentagrophytes, 2.4; C. tropicalis, 3.7; T. tonsurans, 4.9; Microsporum canis, T. rubrum, T. gallinae,
Fusarium bulbigenum, 14.7. The following were not sensitive to 40 ug/ml: C. parapsilosis, S. schenckii (mycelial

/1/ 0.1 N methyl-hydroxide-HCl. /[2/ Acid dimethylformamide. /3/ 70% propanol. /4/ Methanol. /5/ Squibb
culture No. 1600.

WADC TR 55-16 17




24. AMPHOTERICINS (Concluded)

phase), Cephalosporium recifei, Cladosporium carrioni, C. wernecki, Fonsecaea pedrosoi, F. compactum,
Phialophora verrucosa, Geotrichum sp; also Gram-positive and Gram-negative bacteria and Nocardia spp.[1]

In vivo. Amphotericin A: Median'protective dose against intravenously-injected Candida albicans in mice,
>17.6 mg/kg/da, s.c.; in H capsulatum infection, 20 mg/kg/da; against Cr. neoformans, 25.5 mg/kg/da.[4]

B: Daily doses of 10-25 mg/kg, i.p., or 600 mg/kg, orally, gave good protection in mice infected with
Coccidioides immitis. Daily i.p. doses of 10-25 mg/kg controlled Candida albicans infection induced by the same
route.[3] Median protective dose in mice, infected with C. albicans by i.v. or intracerebral routes, was <0.32
mg/kg, s.c., or 0.55 mg/kg, per os; against H. capsulatum, 10.2 mg/kg/da, s.c., for 6 days; and against Cr.
neoformans, 2 daily doses of 5.1 mg/kg, s.c. Experimental skin infections with T. mentagrophytes in guinea pigs
were successfully treated with 2% antibiotic ointment.[4]

PHARMACOLOGY Amphotericin A (Na salt): LDsg in mice, 450 mg/kg, i.p. Daily oral doses of 80 mg/kg
tolerated.

B: LDsg in mice, 25 mg/kg, i.v.; 280 mg/kg and >1200 mg/kg, i.p. Daily doses of 100 mg/kg, i.p., and
600 mg/kg, oral, tolerated.[3,4] : Following daily oral doses of 40 mg/kg in mice, B appeared to cross the blood-
brain barrier [4] .

25. ANGOLAMYCIN

SOURCE Streptomyces eurythermus, n. sp[1] .
NATURE Basic [1] .

MOLECULAR FORMULA AND WEIGHT C H N [1]. 1020 (equiv. wt. found); 992.2+14 (calc.).[1]

87-91018
CRYSTAL FORM AND COLOR Colorless crystalsl', colorless needlesz.[l]

49-50

MELTING POINT (°c) 133-136'; 165-168°% [1] .
OPTICAL ACTIVITY [a)3} = -6493 1] .
UV ABSORPTION MAXIMUM 240 myu? [1] .

OTHER REACTIONS Infrared: In éu range bands at 1715, 1686, 1623 (recip. cm); upon hydrogenation with palladium,
takes up 1 mole H, and, with platinum oxide in acetic acid, 3 moles of H; very similar to carbomycin, but differs
from carbomycin and erythromycin in color reactions and paper chromatography; at least 2 sugar components are
obtained by acid hydrolysis, but neither is identical with desosamine (CH,,O;N) [1].

QUANTITATIVE DETERMINATION Microbiological: Bacillus subtilis, B. megatherium [1] .

BIOLOGICAL ACTIVITY Invitro. Active against Gram-positive bacteria and protozoa. Inhibits (ug/ml) B. mega-
therium, 0.1-1.0; Streptococcus pyogenes, 10; Micrococcus pyogenes var. aureus (including a penicillin-resistant
strain), Entamoeba histolytica, 10-100; Corynebacterium diphtheriae, 100. The following were not sensitive to
100 pg/ml: Str. mitis, Str. faecalis, Escherichia coli, Salmonella sp, Shigella sonnei, Pseudomonas aeruginosa,
Klebsiella pneumoniae, Pasteurella pestis, Vibrio comma, Mycobacterium tuberculosis, Candida albicans, and
C. tropicalis.[1]

In vivo. Doses of 50 mg/kg, s.c., protected mice against infection with Str. pyogenes [1] .

ACUTE TOXICITY Mice tolerated 500 mg/kg, s.c.; 1000 mg/kg s.c. doses were lethal.[1]

26. ANGUSTMYCIN

SOURCE Streptomyces hygroscopicus [2] .
NATURE Neutral or weak base [1] .

5 [
H1605N6 (proposed)”; C. . H.,O,N, or C, ,H 06N6 (proposed) .[1]

MOLECULAR FORMULA C, H, ,O.N, orC 148160 Ng 14H1g

147147576 14
CRYSTAL FORM AND COLOR Colorless needles [1] .
MELTING POINT (°C) Anhydride: 169.5 (d.). Hydrate: 128-131 (d. at 164.5).[1]
OPTICAL ACTIVITY [a]l8 = 448,397 [1] .

UV ABSORPTION MAXIMUM 260 m,‘s e

/1/ From benzol-ether. /2/ From diisopropyl ether. [3/ ¢, 1.30 chloroform. /[4/ Alcohol. /[5/ Crystals
from ethanol (anhydride). /[6é/ Crystals from water (hydrate). /7/ c, 1.5 water. [8/ Methanol.
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26. ANGUSTMYCIN (Concluded)

SOLUBILITY sl. 8. water, ethanol, methanol, aqueous acetone; i. other organic solvents.[1]
STABILITY Thermostable at neutral and alkaline pH [1] .

OTHER REACTIONS Positive Schiff, Tollens, FeCl;, ninhydrin, Sakaguchi, Molisch, indole; negative Fehling.
Anhydride analysis: C, 48.27; H, 4.74; N, 24.23; hydrate: C, 45.28; H, 4.46; N, 23.85.[1]

QUANTITATIVE DETERMINATION Microbiological: Mycobacterium 607 [1] .
BIOLOGICAL ACTIVITY In vitro. Inhibits Myco. 607 and Myco. phlei at 25 pg/ml. Inactive against a variety of
Gram- positive and Gram-negative bacteria and fungi (Bacillus subtilis, Micrococcus pyogenes var. aureus,

Escherichia coli, Aspergillus sp).[1]

ACUTE TOXICITY Very low; mice tolera‘ed doses of 2500 mg/kg, i.p.[1]

27. ANISOMYCIN
The trademark of Chas. Pfizer & Co., Inc., for anisomycin is Flagecidin.

SOURCE Streptomyces spp, including S. griseolus [1, 5] .
NATURE Basic [4,5] .

MOLECULAR FORMULA C14H19N04 [1,4,5]

CRYSTAL FORM AND COLOR Long white needles [1,4, 5] .
MELTING POINT (°C) 140-141 (1,4, 5] .

OPTICAL ACTIVITY [a]3? = -300" [1,4] ; [0]25 = -45% & 3% [1,4,5] .
UV ABSORPTION MAXIMA 224, 277, 283 my°> [1,4,5] .

SOLUBILITY s. dilute aqueous acids, methanol, ethanol, acetone, dioxane, chloroform; less s. water; i. hexane,
cyclohexane, carbon tetrachloride, ether.[4, 5]

STABILITY Stable at room temperature; thermolabile at acid pH.[4, 5]

OTHER REACTIONS Infrared: 3545, 3450, 3320, 2890, 2800, 1725, 1610, 1582, 1515, 1470, 1447, 1380, 1320,
1302, 1242, 1178, 1036, 962 (recip. cm) [4,5] .

BIOLOGICAL ACTIVITY In vitro. Little or no antibacterial activity. Inhibits certain fungi (ug/ml): Candida
albicans, 1.25-12.5; Microsporum canis, M. audouini, Histoplasma capsulatum, Cryptococcus neoformans, 100;
Trichophyton sulfureum, Phialophora verrucosa, 500, The following were resistant, >500 pg/ml: Blastomyces
dermatitidis, Bl. brasiliensis, Sporotrichum schenckii, Trichophyton violaceum, Hormodendrum compactum.[2, 5]
Antiprotozoan activity: Inhibits Entamoeba histolytica, Trichomonas foetus, T. vaginalis at 1.5-3.1 pg/ml. {2, 5]
Concentrations of 3.12 ug/ml were lethal to T. vaginalis [9] .

In vivo. Active in experimental T. foetus infection in mice. 25 mg/kg doses administered s.c. for 1-5 days
cleared 70-94% of these animals of infection [3] . S.c. doses of 25-100 mg/kg effective in mice infected s.c. with
T. vaginalis [10] . Daily oral doses of 25-50 mg/kg in guinea pigs protected 55-86% of the animals against E.
histolytica [6] . Effective clearance of E. histc lytica obtained with oral doses of 20 mg/kg in rats and 50-100 mg/kg
in guinea pigs [12] .

CLINICAL Favorable results reported in human infections with T. vaginalis following topical use for several days
of 1 mg tablets or powder containing 1 mg antibiotic per g powder base. No local irritation resulted from intra-
vaginal therapy.[7, 8]

ACUTE TOXICITY LDygg in mice, 140 mg/kg, i.v.; 400 mg/kg, i.p.; 600 mg/kg, s.c.; 148 mg/kg, oral. LDgg in
rats, 167 mg/kg, i.v.; 345 mg/kg, i.p.; 230 mg/kg, s.c.; 72 mg/kg, oral. LDsgg in guinea pigs, >300 mg/kg, i.m.;
>400 mg/kg, oral. Oral LDsgq in rabbits, >200 mg/kg. In cats and dogs, parenteral or oral doses as low as 0.1
mg/kg induced emesis. Dogs tolerated 100 mg/kg, i.v. or i.m.[11]

CHRONIC TOXICITY Rats fed on diet containing 50 ppm for periods of 33 weeks showed no ill effects or histo-
pathologic changes. Daily oral doses of 1-64 mg/kg over periods of more than 6 months were well tolerated in
monkeys, with occasional emesis and diarrhea in groups receiving the higher doses.[11]

MISCELLANEOUS Some molluscacidal activity; concentrations of 6.25 pg/ml lethal to snail {Australorbis

/1/ ¢, 1 methanol. /2/ ¢, 1 chloroform. /3/ 3.34 mg in 25 ml methanol.
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27. ANISOMYCIN (Concluded)

glabratus) in 48 hours.[13]

28. ANTIMYCIN A
{Virosin, Antipiricullin)

SOURCE Streptomyces sp [13] ; S. kitazawaensis, n. sp [17] .
NATURE Weakly acid [2] .

MOLECULAR FORMULA AND WEIGHT C,gH, O(N, (proposed) [2,4, 5] ; 493, 506 (Rast); 548.6 (calc.).[2]

CRYSTAL FORM AND COLOR Colorless crystals‘ [2,4-6] .

MELTING POINT (°C) 139-140 [2]; 149.8-150.2 [3] ; 148-149.5 [6] ; 141-142 [17] .
OPTICAL ACTIVITY [u]zl,5 = +64.8°1 (2,51, 77.2° + 1.0Z [17].

UV ABSORPTION MAXIMA 230, 320 my [2] ; 245, 347 mu [5]; 225, 320 my [6] .

SOLUBILITY 8. ether, lower alcohols, ethylene glycol, propylene glycol, amyl acetate, methyl acetate, pyridine,
acetone, chloroform; sl. s. petroleum ether, benzene, toluene, carbon tetrachloride; i. water, dilute aqueous HCI,
sodium carbonate or bicarbonate.[], 2, 4-6]

STABILITY Thermolabile; stable at room temperature, less so at alkaline pH.[1, 2, 6]

OTHER REACTIONS Positive FeCl;, Gibbs phenol, Folin, diazobenzene-sulfonic acid, xanthoproteic; negative
Molisch, ninhydrin, anthrone, Benedict, Hopkins-Cole, Millon, biuret, Ehrlich, fuchsin aldehyde, 2, 4-dinitro-
phenylhydrazine, concentrated H,SOy4; disintegration of crystals and loss of activity in aqueous NaOH forming
milky suspension; non-dialyzable; yields antimycic acid (C)1Hj405N;) and a neutral fragment on mild alkaline
hydrolysis; 4 active components common to antimycin A-35 and A-102; A-35 contains a fifth.[1, 2, 4-6]

QUANTITATIVE DETERMINATION Microbiological: Glomerella cingulata, Saccharomyces cerevisiae [1,3,5,17] .

BIOLOGICAL ACTIVITY In vitro. Inhibits fungi (ug/ml): Colletotrichum spp, 0.8-12.5; Nigrospora sphaerica,
0.2; Phoma lingam, 0.4; Chalara quercina, 0.8; Sclerotinia fructicola, 0.4-1.6; Venturia inaequalis, 0.4-0.8;
Stemphylium sarcinaeforme, 1.6.[1,2,7] Torula utilis sensitive to 0.1 ug/ml; Alternaria kikuchiana, G. cingulata,
Gibberella saubinetii, Ceratostomella fimbriata, Sclerotinia arachidis, Colletotrichum lindemuthianum, Gloeo-
sporium kaki, <1.0; Piricularia oryzae, <1.0-10; Cladosporium fulvum, 10. Candida albicans, Aspergillus oryzae,
A. niger, Trichophyton sp, and phytopathogenic bacteria were not sensitive to 100 ug/ml.[15] Inhibits other fungi
and yeasts (Sac. cerevisiae), but there is little or no activity against bacteria [1,2,7] . Low concentrations (0.013
ug/ml) inhibited propagation of PR-8 influenza virus, but did not destroy preformed virus. Experimental evidence
suggested that the antibiotic acted by interfering with synthetic mechanisms which permit the reproduction of virus
in infected tissue.[14]

TOXICITY Oral doses of 12 mg/kg in methyl laurate were tolerated in rats; 30 mg/kg were fatal.[7] LDgg in
rats, 0.81 mg/kg, i.p. [12]. LDgg in mice, 0.9 mg/kg, i.v.; 7.6 mg/kg, i.p.; 21.2 mg/kg, s.c.[17]

PHYTOTOXICITY Low toxicity when tested in a wide variety of plants (6] .

UTILIZATION Was effective in control of certain Helminthosporium diseases of oats and barley [8] . Complete
control of apple scab and early blight of tomato with crude and crystalline preparations [9,13] . Has insecticidal
and miticidal properties; was effective against Coleoptera and inactive against Lepidoptera. Very effective in low
concentrations against Mexican bean beetle larvae. Gave good fabric protection against the black carpet beetle at
1/100 the necessary concentration of sodium aluminum silicofluoride which is widely used for protection of fabric
against insects.[10] Topical application of 20 ug/ml solutions lethal to houseflies within 24 hours. Under green-
house conditions, infection with Piricularia oryzae was prevented in rice plants when solutions containing 18 ug/ml
were sprayed on the leaves.[15]

MODE OF ACTION As a metabolic inhibitor it resembles sodium malonate in its capacity to inhibit the renal
tubular excretion of p-aminohippurate in rats [16] . Acts as a pseudo-irreversible inhibitor of succinoxidase. This
was demonstrated both in vitro and in vivo.[11, 12]

29. ARGOMYCIN

SOURCE Streptomyces griseolus [1] .

/1/ ¢, 10 chloroform. /2/ ¢, 3.57 chloroform.
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29. ARGOMYCIN (Concluded)

MOLECULAR FORMULA AND WEIGHT C25H4307N (1.

MELTING POINT (°C) 164-164.5 (1] .

OPTICAL ACTIVITY [a]25 = +8.2°' [1].

SOLUBILITY sl. s. carbon disulfide [1] .

OTHER REACTIONS Infrared: Includes bands at 7.38, 7.65, 7.98, 8.2, 9.8, 9.95, 10.48 u [1].
BIOLOGICAL ACTIVITY No antitumor activity against Yoshida sarcoma and Ehrlich carcinoma in mice (2] .

TOXICITY LDgg in mice, 172 mg/kg, i.v.[2]

30. ASCOSIN

SOURCE Streptomyces canescus [1] .
NATURE Probably a polyene [2,5].
UV ABSORPTION MAXIMA 234, 288, 340, 357, 376, 398 mp.z (5] .

SOLUBILITY Crude preparations: s. aqueous pyridine and other N-containing heterocyclic solvents; sl. s. dry
pyridine, most other organic solvents, water.[1, 5]

STABILITY Thermo-, acid, and alkali labile (1] .

OTHER REACTIONS Negative Molisch, Tollens, Ehrlich, FeClj, ninhydrin, Benedict, Sakaguchi; activity antago-
nized by unsaturated fatty acids, Tween 80, and less by yeast, liver extracts; some resemblance to fungicidin.[1, 2]
Soluble in but inactivated by phosphoric acid, dipropyl hydrogen phosphate, dibutyl hydrogen phosphate and aromatic
sulfonic acids; aqueous brucine yields an amorphous precipitate while methanolic brucine yields no precipitate; in-
tense, unstable blue color when methanolic solution of ascosin is added to 35% or more concentration of phosphoric
acid in presence of air; green color with HCl. Infrared: Includes bands at 3.0, 6.4, 8.7, 9.5, 10.1, 12.0 13.2 ;‘..[5]

QUANTITATIVE DETERMINATION Microbiological: Saccharomyces cerevisiae [1, 5] .

BIOLOGICAL ACTIVITY In vitro. Inhibits yeasts and filamentous fungi (ug/ml): Candida albicans, 0.2; C. krusei,
Torula utilis, 0.4; Willia sp, 0.8; Aspergillus niger, Sac. cerevisiae, 1.6; Absidia orchidis, Botrytis sp, 6.2 ug;
Trichophyton interdigitale, 25 pg; Mucor pusilis, 50 pg/ml.[6] Also inhibits Mycoderma, Cryptococcus, Histo-
plasma capsulatum, Penicillium spinulosum, Rhizopus nigricans. No activity against bacteria.[1]

In vivo. Some protection against Cryptococcus neoformans in mice (4] . Prolonged survival time in mice
infected with H. capsulatum. The i.p. therapeutic dose approached toxicity level.[3]

ACUTE TOXICITY LDgg in mice, 12.5 mg/kg, i.v.; 8.6 mg/kg, i.p.; 168 mg/kg, s.c.; >500 mg/kg, oral.[1]

ABSORPTION No significant blood levels obtained in rabbits following i.p. or s.c. administration. Detectable con-
centrations in blood of mice after i.p. administration.[1]

3l. ASPERGILLIC ACID

SOURCE Aspergillus flavus (1] .
NATURE Monobasic acid (3] .

MOLECULAR FORMULA AND WEIGHT C,,H, O,N, [1-3); 220, 222 (found); 224.3 (calc.).[1, 2]

STRUCTURE

CH
N i 3
H]E j;CHz(liH
CH3CH,-CH 0 CH,

é N

Hy

o
H [7]

/1/ Ethanol. /2/ Methanol.
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31. ASPERGILLIC ACID (Concluded)

CRYSTAL FORM AND COLOR Radial clusters of yellow needles [8] .

MELTING POINT (OC) 97-99. HCl: 178.[2, 8]

OPTICAL ACTIVITY [a]3? = +13.4°), +18.5%% [2] ,

UV ABSORPTION MAXIMA 234, 328 my (8] .

SOLUBILITY s. hot water, excess acid, most organic solvents; i. cold water, dilute acid, petroleum ether.[1, 2]
STABILITY Verythermo-, acid and alkali stable (1,2].

OTHER REACTIONS Hydroxyaspergillic acid, C)2H;¢N,03, produced under some fermentation conditions; negative
Millon, xanthoproteic, Molisch, biuret, ninhydrin, dinitrophenylhydrazine, Fehling, nitrous acid, KMnO,, Br in
CCly or glacial acetic acid; vigorous reaction with aqueous Br; intense red color with FeClj in alcohol; green pre-
cipitate with CuSOy4, orange with CoCly; precipitate with phosphotungstic acid; crystalline precipitate with AgNO3
and Hg(C2H30,),, but not with HgCl.[1, 3, 9]

QUANTITATIVE DETERMINATION Microbiological: Several organisms, including Mycobacterium tuberculosis;
antiluminescence with Photobacterium fischeri [4-6] . UV absorption spectrum (4] .

BIOLOGICAL ACTIVITY [In vitro. Inhibits (ug/ml) Streptococcus pyogenes, 2; Diplococcus pneumoniae, 4;
Klebsiella pneumoniae, 8; Micrococcus pyogenes var. aureus, 10; Salmonella enteritidis, Escherichia coli, 30;
Clostridium spp, 20-60.[5] Inhibits Myco. tuberculosis in dilution of 1:10, 000 [12] . Treponema pallidum im-
mobilized in dilution of 1:2500 [10] .

In vivo. No activity in mouse infections with Str. pyogenes, D. pneumoniae, and M. pyogenes when given
i.p. [5].

ACUTE TOXICITY LD)gp in mice, 150 mg/kg, i.p.; 250 mg/kg, oral.[1] Antibacterial activity enhanced by
bismuth [11] .

32. AURANTIDIN

SOURCE Aspergillus parasiticus, or closely related sp [1] .

FORM AND COLOR Orange-red; resinous [1] .

SOLUBILITY s. most organic solvents and 50% ethanol; i. water.[1]

STABILITY Thermostable [1] .

OTHER REACTIONS Derived from medium and mycelium; has a chloramphenicol-type antimicrobial spectrum [1] .

BIOLOGICAL ACTIVITY In vitro. Active against Escherichia coli. Also contains a factor active against Gram-
positive bacteria.[1]

33, AURANTIOGLIOCLADIN

SOURCE Gliocladium roseum [1] ; by synthesis [3] .
NATURE p-Benzoquinone [2, 3] .
MOLECULAR FORMULA C, H,,0, [1].

STRUCTURE

CH;30- -CH,
CH;0- -CH;

O [2,3)
CRYSTAL FORM AND COLOR Large orange leaflets [1] .

MELTING POINT (°C) 63 [1].

/1] ¢, 0.85 ethanol. /[2/ ¢, 1.051 N NaOH.
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33. AURANTIOGLIOCLADIN (Concluded)

UV ABSORPTION MAXIMA 275, 407 mp [I,2].

OTHER REACTIONS Deep violet in concentrated H,SO,; reduced to a hydroquinone by SO, in aqueous solution;
monodinitrophenylhydrazone produced with 2, 4-dinitrophenylhydrazine [1] . Closely related to spinulosin and
fumigatin [2] .

QUANTITATIVE DETERMINATION Microbiological: Bacillus subtilis; inhibition of germination of Botrytis allii
spores.[1]

BIOLOGICAL ACTIVITY Low activity in vitro. Inhibits (ug/ml) B. allii at 50, Bacillus subtilis at 200, Escherichia
coli at 400.[1]

34, AUREOLIC ACID

SOURCE Streptomyces sp [1] .

NATURE Weakly acidic [2] .

MOLECULAR FORMULA AND WEIGHT Mg salt: (056-60H96-104OZ9-3I)Z Mg; approximately 1350 (neut. equiv.).[2]
CRYSTAL FORM AND COLOR Yellow crystals [2] .

OPTICAL ACTIVITY [a], =+ 68°" [2].

SOLUBILITY s. lower alcohols, acetone; moderately s. water, ethyl acetate, ether.[2]

OTHER REACTIONS Negative Fehling, anthrone; positive tyrosine reagent, FeCl, (green); not decolorized by
sodium hydrosulfite [2] .

QUANTITATIVE DETERMINATION Microbiological: Micrococcus pyogenes var. aureus [1] .

BIOLOGICAL ACTIVITY In vitro. Inhibits Gram-positive bacteria at 0.16-0.63 ug/ml: M. pyogenes var. aureus,
Streptococcus pyogenes, Sarcina Iutea, Bacillus subtilis, B. cereus. Little or no activity against Str. faecalis,
mycobacteria and Gram-negative organisms. Slightly active against Trichomonas vaginalis.[1]

In vivo. Limited protection in mice infected with Str. pyogenes following i.m. doses of 1-2 mg/kg [1] .

ACUTE TOXICITY Highly toxic parenterally. LDg, in mice, 2.5-5.0 mg/kg, i.v. I.v. doses of 0.25 mg/kg lethal
in rabbits and dogs. Mice tolerated 500 mg/kg by oral route.[1]

35, AUREOTHRICIN

SOURCE Streptomyces celluloflavus, n. sp [1] .
MOLECULAR FORMULA C9H10NZOZSZ [1].
STRUCTURE
S/S_C“?-NHCH:iCHZCO
“CH=C_ _C=0
N

|

ey [4, 5]

CRYSTAL FORM AND COLOR Golden-yellow needles [1] .

MELTING POINT (OC) 256-257 (d.) [1] .

OPTICAL ACTIVITY Inactive [2] .

UV ABSORPTION MAXIMA 248, 312, 388 myu [2].

SOLUBILITY sl. s. organic solvents; more s. chloroform; i. water.[I]
STABILITY Very thermo- and acid stable [1] .

OTHER REACTIONS Similar to thiolutin; acid hydrolysis yields an amine, C,H,N,OS,, identical with one so
g B P 662 2
obtained from thiolutin.[2]

/1/ ¢, 1 methanol.
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35. AUREOTHRICIN (Concluded)

QUANTITATIVE DETERMINATION Microbiological: Bacillus subtilis PCl 219l [1].

BIOLOGICAL ACTIVITY In vitro. Active against Gram-positive and Gram-negative bacteria, and fungi. Inhibits
(dilution units x 10, 000) B. subtilis, 100; Vibrio comma, 75-150; Corynebacterium diphtheriae, 75, Micrococcus
pyogenes var., aureus, 40-45; Streptococcus pyogenes, Diplococcus pneumoniae, Salmonella typhosa, S. paratyphi,
Shigella dysenteriae, Sh. paradysenteriae, Escherichia coli, B. anthracis, 25-50; Mycobacterium phlei, 40; Myco.
tuberculosis, 32; Myco. smegmatis, Salmonella schottmuelleri, 15; Myco. avium, 5; Klebsiella pneumoniae, 1.
Fungi: Mucor javanicus, 32; Phytophthora sp, 64; Saccharomyces saké, 8; Aspergillus niger, 2; Botrytis cinerea,
Rhizopus japonicus, 4.[1]

In vivo. Promoted growth of chicks when given in concentration of 15 mg/kg of ration, but diet was refused
when E:oncentrations of 45 mg/kg were used [3] . Daily i.p. doses of 30 ug had no effect on Ehrlich ascites tumor in
mice [6] .

36. AZASERINE
(O-Diazoacetyl-L-serine)

SOURCE Streptomyces fragilis [1] ; by synthesis [22] .

MOLECULAR FORMULA AND WEIGHT C_H,N,O,; 173.13 (calc.).[3, 5]

517 3 ¢
STRUCTURE
0
NZCH-C-O-CHZ-(EH-COOH
L (3, 5]

CRYSTAL FORM AND COLOR Light yellow-green needles [3,4] .

MELTING POINT (°C) 142-162 (d. before melting) (3, 4] .

OPTICAL ACTIVITY [a)22:5 = -0.59%; [a]28 = 49.70%,[3, 4]

UV ABSORPTION MAXIMA 250.5 mp.4; 252 mp.s.[3, 4]

SOLUBILITY s. water, warm aqueous methanol, ethanol, acetone; sl. s. absolute methanol, ethanol, acetone.[3, 4}

OTHER REACTIONS Pronounced infrared peak at 4.66 p; acidification at pH 2 results in vigorous evolution of N2
and loss of biological activity.[3, 4]

QUANTITATIVE DETERMINATION Microbiological: Kloeckera brevis {1, 2, 4, 14] .

BIOLOGICAL ACTIVITY In vitro. Inhibits bacteria at 50 ug/ml or less: Acetobacter aceti, Bacillus cereus, B.
megatherium, Clostridium spp, Escherichia coli, Hemophilus influenzae, Neisseria catarrhalis, N. meningitidis,
Pasteurella multocida, Salmonella typhosa, S. schottmuelleri, Vibrio comma, Mycobacterium tuberculosis(2, 6] .
Fungi inhibited at 250 ug/ml or less: species of Alternaria, Armillaria, Aspergillus, Candida, Cercospora,
Helminthosporium, Nematospora, Polyporus and Poria [2,6,9] . Protozoa (ug/ml): Entamoeba histolytica, 250;
Trichomonas foetus, 100. No activity against 3 species of trypanosomes.[6] The antibiotic is a potent mutagen for
Escherichia coli [15] .

In vivo. Activity in chicks infected with Plasmodium lophurae (0.1% drug in diet). Inactive against
Entamoeba histolytica in rats. Active against meningopneumonitis virus and Rickettsia prowazekii in chick embryos
in doses of 0.2-1.0 mg. No activity demonstrated with viruses of influenza, yellow fever, vaccinia, St. Louis en-
cephalitis, rabies and poliomyelitis.[6] In mice, azaserine inhibited development of a strain of mouse leukemia
[7] . Retarded growth in mice of Crocker mouse sarcoma 180. Good correlation noted between this antitumor
activity and the in vitro inhibition of the yeast, K. brevis.[2] Retarded growth of Murphy-Sturm lymphosarcoma and
Walker carcinoma 256 in rats; also adenocarcinoma E-0771, Patterson lymphosarcoma and several ascites tumors
in mice. Daily i.p. doses of 0.8-3.2 mg had a slight suppressive effect on Ehrlich ascites carcinoma in mice; higher
dose levels were too toxic to evaluate [16] . Daily i.p. doses of 2-5 mg/kg in mice or rats innibited Flexner-Jobling
carcinoma, Mecca lymphosarcoma, and mammary carcinoma 755, and were ineffective against certain other experi-
mental neoplasms {24,25] . Tumoristatic activity observed following oral as well as parenteral dosage [26] . Other
carcinomas and lymphosarcomas of mice and rats arrested with i.p. doses of 5 mg/kg, provided treatment was initi-
ated one day later. Sarcoma 180 was the only experimental tumor inhibited by therapy started 7 days later.[13] A
marked potentiation of activity against sarcoma 180 in mice was observed when combined with 6-mercaptopurine {15] .
No protection in mice infected with Myco. tuberculosis [9] .

CLINICAL Trial in 56 patients with various forms of neoplastic disease, with total i,v. or oral doses of 50-200 mg

/1] Zones increased at acid, decreased at alkaline pH. /[2/ ¢, 8.46 water pH 5.18. /3/ In 2 N HCI, final value
preceded by constant change. /4/ pH 7. [5/ 0.1 N NaOH; little or no absorption with 0,1 N HCl.
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36. AZASERINE (Concluded)

over periods of 5-20 days, gave rather indifferent results with brief periods of objective improvement observed in
a few cases [17] .

PHARMACOLOGY S.c. doses of 50 mg/kg/da for 14 days were toxic in tuberculosis-infected mice [9] . Single
parenteral doses of 100-200 mg/kg in rats induced necroses in the pancreas, liver and kidneys, within 24 hours(10] .
Azaserine rapidly disappeared from the blood and was excreted in the urine within 2 hours after i.v. injection in
animals. Only 1% or less of i.v. or oral dose was recovered in the urine during 24-hour period. The antibiotic
appeared to be destroyed by an enzyme (probably a deaminase) present in the liver, kidneys and spleen.[11] Anti-
microbial and antitumor activity were destroyed by extracts prepared from mouse liver (8] .

In man, toxic effects which appeared after 5-20 days of medication, with total i.v. or oral doses of 50-200
mg, mainly involved the digestive tract with nausea and vomiting. Redness of tongue and buccal mucosa, which
occasionally became ulcerated, also were noted.[17]

PHYTOTOXICITY Repressed root growth of cucumber, barley, and flax seedlings in low concentrations (0.7-2.6
pg/ml) [12] .

MODE OF ACTION In Saccharomyces cerevisiae, the antibiotic inhibits glucoge fermentation, stimulates uptake of
inorganic phosphate, and is utilized by the yeast with a parallel release of serine into the culture medium. All of
these actions are reversed by leucine. [27]  Concentrations as low as 0.1 ug/ml in vitro caused a 50% inhibition

of the biosynthesis of ribosidic derivatives of both 5-amino-imidazole and 5-amino-4-imidazole carboxamide by
resting cells of mutant strains of Escherichia coli; inhibition of the latter compound was reversed by amino acids.
(28] . In relatively small doses, the antibiotic affected de novo purine synthesis in ascites cell tumors by inhibiting
utilization of glycine. The utilization of adenine was enhanced. A single dose caused a reduction in the mitotic in-
dex and gross damage to the tumor cells during the 12-hour period in which it was effective.[20]

MISCELLANEOUS The antibiotic appears to interfere with synthesis of aromatic amines by E. coli (18] . When
injected into tumor-bearing animals prior to administration of labelled compounds, azaserine inhibits incorpora-
tion of formate and glycine into nucleic acids of sarcoma 180, adenocarcinoma E-0771, intestine and liver [19] .

It induced rapid formation of greatly elongated non-septate filaments in E. coli (21] . Concentrations as low as 0.1
pg/mlin a salts-glucose medium induced formation of active bacteriophage (lambda) in the lysogenic E. coli strain
K-12 (23] . Azaserine produces characteristic developmental abnormalities in chick embryos which are prevented
by adenim[a, adenosine, hypoxanthine, and inosine, but not by guanine, xanthine, uric acid, glutamine, serine or
histidine (29] .

37. AZOMYCIN

SOURCE Nocardia sp resembling N. mesenterica (2] .
NATURE 2-Nitro-imidazole (3] .

MOLECULAR FORMULA C,H,N,O, (3].

CRYSTAL FORM AND COLOR White needles [4] .
MELTING POINT (°C) 283 (d.} (1] ; 281-282 (d.) [4] .
OPTICAL ACTIVITY Inactive’ (11.

UV ABSORPTION MAXIMA 313 muz[l] ; 314 my (4] .

SOLUBILITY s. methanol, ethanol, acetone, ethyl acetate, butyl acetate, alkali, dioxane; i. ether, petroleum
ether, chloroform, carbon tetrachloride, benzene, acid water. (1, 4]

STABILITY 50% loss at 100°C at pH 2-8 in 30 minutes [4] .

OTHER REACTIONS Analysis: C, 32.0, 31.89; H, 2.65, 2.67; N, 36.67, 36.75, 36.56.[1] Nitro group confirmed
by infrared and by catalytic hydrogenation; hydrogenated product gives positive Pauly, reductive acetylation gives
crystalline compound (C5H7N30); negative Fecls, ninhydrin, biuret, Fehling, Molisch, Millon.[3, 4]

BIOLOGICAL ACTIVITY In vitro. Active against Gram-positive and Gram-negative bacteria. Inhibits (ug/ml)
Salmonella paratyphi, Shigella dysenteriae, 3; Salmonella typhosa, 5; Bacillus subtilis, 6; Micrococcus pyogenes
var. aureus, Shigella paradysenteriae, 12; Mycobacterium phlei, 2; Mycobacterium sp, 50; Escherichia coli, 25.
Fungi are not susceptible.[1]

In vivo. Daily i.p. doses of 0.5 mg showed slight activity against Ehrlich carcinoma in mice, with slight
inhibition of ascites production but no prolongation of survival time [5] .

/1/ ¢, 0.5 methanol. /2/ Ethanol.
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37. AZOMYCIN (Concluded)

ACUTE TOXICITY LD in mice, 80 mg/kg, i.v. [1].

38. BACCATINE A

SOURCE Gibberella baccata.

MOLECULAR FORMULA AND WEIGHT CZ6H4806NZ (probable); 480 (Rast).[1]

CRYSTAL FORM AND COLOR Colorless crystals [1] . .

MELTING POINT (°c) 135 [1].

SOLUBILITY s. ether, methanol, ethanol, other organic solvents; sl. s. water.[1]

BIOLOGICAL ACTIVITY In vitro. Inhibits fungi (phytopathogens). Marked fungistatic activity against Lepto-
sphaeria acuta, and Sclerotinia sclerotiorum. Weaker activity against L. culmifraga, L. culmorum, Ophiobolus

herpotrichus and Wojnowicia graminis (agents of cereal foot rots). Inhibits growth of Micrococcus pyogenes var.
aureus but not Escherichia coli.[1]

39. BACILIPINS

SOURCE Bacillus subtilis [1] .
NATURE Acids [1] .
SOLUBILITY s. amyl acetate, benzene, chloroform, ether; sl. s. water; i. petroleum ether.[1]

STABILITY Salts: thermolabile; stable at room temperature in solutions of pH 2-10. Acids: unstable; unstable
to drying.[1]

OTHER REACTIONS Negative Molisch, 2, 4-dinitrophenylhydrazine, ammoniacal AgNO;; readily catalytically
hydrogenated; unaffected by serum or trypsin. Analysis: Ba salt of A: C, 42.6; H, 6.3; N, 2.5; Ba 24.6. Ba salt
of B: C, 52.5; H, 6.75; N, 2.09; Ba 21.6.[1]

QUANTITATIVE DETERMINATION Microbiological: Mycobacterium phlei, Micrococcus pyogenes var. aureus [1] .
BIOLOGICAL ACTIVITY In vitro. Inhibit Myco. phlei in dilution of 1:100, 000, M. pyogenes var. aureus in

1:10, 000. Weaker activity against Corynebacterium diphtheriae, Bacillus anthracis, Salmonella typhosa, and
Escherichia coli.[1]

40. BACILLIN

SOURCE Bacillus subtilis 3] .

SOLUBILITY i. organic solvents [2] .

STABILITY Thermostable [1,2].

OTHER REACTIONS Inactivated by blood, some media, HZS [1-3].

QUANTITATIVE DETERMINATION Microbiological: Escherichia coli [1] .

BIOLOGICAL ACTIVITY In vitro. Inhibits (in dilution of 1:80-1:960) Streptococcus sp, Diplococcus pneumoniae,
Pasteurella sp, E. coli, Salmonella typhosa, S. schottmuelleri, Micrococcus pyogenes var. aureus, Mycobacterium

tuberculosis.[1]
In vivo. Inactive in mouse infections with M. pyogenes var. aureus and D. pneumoniae, following doses of

1,000 mg/kg [1] .

ACUTE TOXICITY LD, in mice, 1000 mg/kg, i.p. [1].

41. BACILLOMYCIN
(Fungocin, Bacillomycin R)

SOURCE Bacillus subtilis [1, 6] .
NATURE Polypeptide with titratable acid function [3-5] .

MOLECULAR WEIGHT Approximately 1000 (acid equiv. wt.) [4, 5] ; at least 960 [9] .
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41. BACILLOMYCIN (Concluded)

CRYSTAL FORM AND COLOR Colorless, microscopic needles or rosettes [3] .
OPTICAL ACTIVITY Inactive® [3] .

2 3
UV ABSORPTION MAXIMA 277mp"; 296 mpu™.[9]

SOLUBILITY s. methanol, ethanol, n-butanol, acetone, concentrated acids; i. ether, hydrocarbons, dilute acids
below pH 4-4.5.(2, 3, 5]

STABILITY Thermostable [1-3].

OTHER REACTIONS Similar to, or same as, eumycin; precipitated by concentratcd ammonium sulfate; non-

dialyzable through cellophane; unaffected by pepsin, trypsin; contains glutamic acid, aspartic acid, tyrosine,

serine, threonine; positive biuret, xanthoproteic; negative Molisch, pK 5.5.[1-5] Analysis: C, 52.69; H, 7.20;

N, 12.29; O, 27.82 (by diff.).[9] 4
Analysis for Amino Acids

Amino acid Molar ratio % Bacillomycin

Asp 4.19 19.0
Thr 1.00 4.0
Ser 3.94 13.7
Glu 2.03 10.4
Tyr 1.98 12.7
59.8 [9]

QUANTITATIVE DETERMINATION Microbiological: Trichophyton mentagrophytes [2] .

BIOLOGICAL ACTIVITY In vitro. Inhibits fungi (ug/ml): Blastomyces dermatitidis, Rhizoctonia solani, Botrytis
cinerea, Sclerotinia spp at 2.5-10; Histoplasma capsulatum, Bl. brasiliensis, Epidermophyton floccosum, Ep.
inguinale, Microsporum audouini, M. gypseum, Monosporium apiospermum, T. rubrum, T. schoenleinii, T.
violaceum, Sporotrichum schenckii, Aspergillus niger, Penicillium notatum, P. roqueforti at 25-50; Rhizopus
nigricans at 50-100; T. mentagrophytes, Candida albicans at 25->100. Nocardia asteroides, Hormodendrum
pedrosoi and species of Colletotrichum, Phytophthora and Pythium are resistant.[1,5,6] Bacteria: Klebsiella
pneumoniae at 25-50 pg/ml; Clostridium perfringens, Cl. histolyticum, Corynebacterium diphtheriae and
Micrococcus spp are sensitive to higher concentrations. In general, Gram-negative bacteria are resistant.[6, 7]

ACUTE TOXICITY I_.D50 in mice, 75 mg/kg, i.p. [2] . Hemolytic to red blood cclls in vitro in concentration of
100 ug/ml [5]) .

UTILIZATION Was effective in control of diseases of grain incited by Puccinia graminis tritici, Helminthosporium
sativum and H. teres [8] .

42. BACILLOMYCIN B

SOURCE Bacillus subtilis [1] .

NATURE Polypeptide [1] .

FORM AND COLOR Yellow, amorphous substance [1] .

SOLUBILITY s. alkali, ethanol, methanol, butanol, ethyl acetate; sl. s. acetone; i. benzene, xylene, ether.[1]
STABILITY Thermostable at pH 2.6-8.2 [1] .

OTHER REACTIONS Isoelectric point, pH 4.3-4.5; no S or halogen; positive biuret, xanthoproteic, Millon,
Liebermann; negative ninhydrin, FeCl3, Molisch; red-brown in concentrated H;80,4 and red on heating; no reduc-
tion of Fehling, Tollens; non-dialyzable; contains glutamic acid, aspartic acid, tyrosine, leucine, proline.[1]

QUANTITATIVE DETERMINATION Microbiological: Aspergillus niger [1] .

BIOLOGICAL ACTIVITY In vitro. Inhibits Aspergillus niger and other fungi [1] .

43. BACILLOMYCIN C

NATURE Polypeptide [1] .

/1] Alcohol. /2/ In n-butanol-water-acetic acid-95% ethanol. /3/ In alcoholic NaOH. /4/ Ion-exchange
chromatography.
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43, BACILLOMYCIN C (Concluded)

SOLUBILITY s. ethanol, methanol, butanol, ethyl acetate, acetone, alkali; i. benzene, toluene, ether, petroleum
ether, chloroform, hydrogen sulfide, carbon tetrachloride, water.[1]

STABILITY Fairly thermostable [1] .
OTHER REACTIONS Isoelectric point, pH 4.2; positive biuret, xanthoproteic, Millon, Liebermann; negative

ninhydrin, FeClj, Molisch, Fehling, Tollens; red color in hot concentrated H,SOy4; contains glutamic acid, aspartic
acid, tyrosine, leucine, valine, but no threonine, serine or proline.[1]

44. BACILYSIN

SOURCE Bacillus subtilis [1] .

NATURE Neutral peptide containing S [1] .

SOLUBILITY s. water, methanol; i. dry organic solvents except methanol [1] .
STABILITY Thermostable except at low pH [1] .

OTHER REACTIONS Not precipitated by ammonium sulfate, basic lead acetate or picric, phosphotungstic and
trichloroacetic acids; negative Molisch; positive ninhydrin, Pauly; inactivated by enzymes, HZS.[l]

QUANTITATIVE DETERMINATION Microbiological: Micrococcus pyogenes var. aureus [1] .

BIOLOGICAL ACTIVITY In vitro. M. pyogenes var. aureus, Corynebacterium xerose and to a lesser extent Myco-
bacterium phlei are sensitive. Action is mainly bactericidal. Resistance appeared to develop fairly readily.[1]

TOXICITY Mice tolerated i.v. doses of 450 mg/kg. Appeared to be inactivated in vivo since no activity was de-
tected in urine, blood or liver 5 hours after administration of these doses in mice.[2]

45. BACITRACINS [8, 9]
(Ayfivin)

SOURCE Bacillus subtilis, B. licheniformis [1] .
NATURE Polypeptides; weakly basic 3,5, 6] .

MOLECULAR FORMULA AND WEIGHT Bacitracin A: C¢ H
1411 (calc.). [11,17)

103016175 (Proposed) [15) ; 1470410% (found);

STRUCTURE Probable amino acid linkage of Bacitracin A:
Asp

Asp «———His
Lys Phe
Orn-— Ileu
Ileu Cy-S-
G1u<—Leu/ (10, 12-14, 16]
FORM AND COLOR White, highly hygroscopic, amorphous powder [5] .
OPTICAL ACTIVITY [a]?3 = +5° 2 2.5 [2].
UV ABSORPTION MAXIMA Bacitracin A, B, D, E: 253 my.
C, G: 250, 268 mp.
Fl' FZ' F3; 253, 288, mp. [8]

SOLUBILITY s. methanol, ethanol, water; sl. s. acetone, cyclohexanone, propanols, butanols, pyridine; i. ether,
chloroform, benzene, ethyl acetate, petroleum ether.[1,2,6,7]

STABILITY Relatively thermostable, especially at pH 4-5; unstable above pH 9; aqueous solution unstable after
storage at room temperature.[1,2,6,7]

/1/ ¢, 1 0.02 N HCL.
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45. BACITRACINS (Continued)

OTHER REACTIONS Precipitated by heavy metal salts, tricholoracetic, tannic, azobenzene-p-sulfonic, molybdic,
and fuoric acids, concentrated NaCl, acetone, ammonium rhodanilate, Reinecke's salt; positive ninhydrin; negative
FeCl,, alkaline nitroprusside, Sakaguchi, Adamkiewicz, biuret, Folin-Marenzi; not inactivated by proteolytic
enzymes; inactivated by Cu, H,O, and partially by BAL, sodium thiosulfate.[2, 3, 5-7]

QUANTITATIVE DETERMINATION Microbiological: Micrococcus pyogenes var. aureus and other Gram-positive
organisms [1,4,7] .

BIOLOGICAL ACTIVITY In vitro. In general, active against Gram-positive bacteria with little or no activity
against Gram-negative organisms. Inhibition concentrations for most strains of the following microorganisms
average 0.002-5.0 units/mll: Actinomyces israeli, Corynebacterium diphtheriae, C. xerose, Diplococcus pneu-
moniae, M. pyogenes var. aureus, Streptococcus pyogenes, Str. viridans, Str. uberis, Str. agalactiae, Sarcina
lutea, Clostridium spp, Hemophilus influenzae, H. pertussis, Neisseria gonorrhoeae, Bacillus anthracis,
Treponema pallidum. Strains of most of the following are generally resistant, 50 units/ml or more: Aerobacter
aerogenes, Vibrio comma, Alcaligenes sp, Klebsiella pneumoniae, Pasteurella multocida, Past. pestis, Past.
tularense, Proteus spp, Salmonella spp, Shigella spp, Escherichia coli, N. meningitidis, B. subtilis. Fungi are
not sensitive.[1,18,19] In vitro activity is enhanced by cationic and decreased by anionic surface active agents
[20] . Reported to enhance growth of Trichomonas foetus, hence it has been suggested that bacitracin may be a
metabolite for this protozoan [21] .

In vivo. 1. p. doses of 50-100 units/kg protected mice infected with clostridia, Str. pyogenes and M. pyog-
enes var. aureus [1,22] . Activity against Treponema pallidum in rabbits at 1200-2000 units/kg/da [23], and in
mice infected with Borrelia duttoni [61] . In experimental meningitis induced with M. pyogenes var. aureus, good
protection was obtained in dogs treated by intracisternal and i.m. routes [24] . Inhibited vaccinia virus in mice and
Plasmodium lophurae in chicks dosed with 400-500 units /kg/da [25] . No activity in chicks infected with P.
gallinaceum after daily i.p. doses of 400 units/kg [60] . Very effective against pinworm infestation in mice treated
with a single oral dose of 100, 000 units/kg [26,27] . Daily i.p. doses of 100 mg/kg had no inhibitory effect on RC
carcinoma in mice [66] .

CLINICAL In general, systemic use of bacitracin is indicated only in infections resistant to penicillin and other
antibiotics. Solutions containing 500 units/ml administered by local infiltration, or as wet dressing, have been ef-
fective in therapy of superficial and deep abscesses, ulcers, infected operative wounds and in various surgical in-
fections.[28,46] Favorable clinical response reported in a wide variety of surgical infections following i.m.
doses of 2,000-20, 000 units to adults every 6-8 hours [28,29] . Topical application of bacitracin, or of this anti-
biotic in combination with polymyxin or other drug in an ointment base, was highly effective in control and pro-
phylagis of various skin infections [30, 31] . Topical therapy useful in ocular infections [32] ; also in aural and
pharyngeal infections from susceptible microorganisms [33] . Intracranial and intrathecal injection of 5, 000~

10, 000 units has been used in purulent infections of the central nervous system and in neurosurgical wounds [37, 38] .
Oral administration reported of value in chronic bacillary dysentery [34] . A high cure rate obtained following oral
therapy with daily doses of approximately 60, 000 units for 5-20 days in cases of acute amebic dysentery [35, 36] .
Oral therapy was of value in eliminating pinworms (Enterobius vermicularis) [27] .

VETERINARY Intramammary infusions effective in bovine mastitis caused by Str. agalactiae [39] . Ointments and
wet dressings for topical application gave favorable results in animals with superficial abscesses, cellulitis, sup-
purating surgical and traumatic wounds, and skin infections [40] . Because of little or no absorption from intestines,
oral bacitracin offers a wide margin of safety for treating enteric infections in animals [41] . Favorable results

have been obtained in swine enteritis [42] .

TISSUE CULTURE Low toxicity in tissue cultures. Growth inhibition of skin tissue required concentrations of
5-10 mg/ml; no inhibition of spleen tissue at 20 mg/ml.[49]

ACUTE TOXICITY LDsgq in mice, 360 mg/kg (approximately 7500 units), i.v.; 200-650 mg/kg (approximately
7,500-15, 000 units), i.p.; 1300-2500 mg/kg (31,000-52, 000 units), s.c. Oral doses of 3750 mg/kg (131,000 units)
tolerated. In rats the LDgg is 190 mg/kg (6700 units), i.p. Oral doses of 50, 000 units/kg tolerated by rabbits;
>400, 000 units/kg by dogs.[41,43,44] ILv. lethal dose in mice for bacitracin A: 342 mg/kg; bacitracin B: 500
mg/kg; bacitracin C: 75 mg/kg.[45]

CHRONIC TOXICITY No evidence of toxicity in mice given daily oral doses of 125, 000 units/kg for 30 days [41] .
Prolonged daily i.m. administration of 1000-1500 units/kg well tolerated by dogs and monkeys. Darnage to renal
tubules noted in mice, but not in dogs, following prolonged i.m. administration.[44]

In man, nephrotoxicity, as reflected by abnormal urine findings, noted after 10 daily i.m. doses of 40, 000-
80,000 units [46]) . Parenteral administration of 1500 units/kg on 2 successive days resulted in proteinuria,
glyposuria and depressed the glomerular filtration rate for approximately 2 months [47]) . Gastrointestinal dis-
turbances have been occasionally reported. Skin sensitivity following topical use is rare, hence this advantage over
penicillin [48] .

/1] Average lots of bacitracin have a potency of approximately 40 units per mg. Further purification beyond 45
units /mg generally results in decreasing stability. More recently, however, parenteral bacitracin possesses a
minimum potency of 50 units per mg, and preparations of higher potency (63-71 units/mg) have shown the same
thermal stabdility as those of lower unitage.[65]
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45. BACITRACINS (Concluded)

RESISTANCE In general, bacteria sensitive to bacitracin do not develop resistance to it in vivo with any facility,
although it is possible to demonstrate this in vitro with strains of Str. pyogenes; these strains, however, rapidly
lost resistance.[58]

ABSORPTION AND EXCRETION In animals after parenteral administration, antibiotic was detected in the blood,
urine, feces, bile, kidney, liver, spleen, lung, heart, and skeletal muscle, with very low concentrations in the
brain and cerebrospinal fluid. Highest blood concentrations occurred 1-4 hours after injection. In dogs, blood
levels of 1.5-3.0 units/ml followed i.m. or s.c. doses of 3000 units/kg.[50,51]

In man, after single i.m. dose of 50, 000 units, serum concentrations of approximately 0.3 unit/ml appeared
in 2 hours, declining to 0.03 unit at the 6th hour. Levels of 1-3 units/ml noted following repeated injections at 6-hour
intervals. A daily urinary excretion of 10-31% of the administered dosage was observed. Following oral doses, the
greater part of the total dose was recovered in the feces, and little or no measurable blood concentrations were
noted.[52]

MODE OF ACTION Bactericidal as well as bacteriostatic. Reiter strain of T. pallidum inhibited by 0.004 unit in
vitro, and concentrations of 0.025 unit/ml were lethal. The rate of treponemicidal activity increased with con-
centration up to the highest level tested (64 units/ml).[68] Bacitracin inhibits glutamic acid uptake in M. pyogenes
var. aureus in a similar way to penicillin [69] .

ANIMAL NUTRITION Injections of bacitracin stimulated growth of chicks although it did not alter their fecal mi-
crobial flora [53] ; incorporation of 5 mg/lb ration also enhanced growth [54] and increased egg production and
fertility {59] . Growth of pigs promoted when antibiotic was incorporated in diet or implanted s.c. These growth
responses were generally smaller than those obtained with other antibiotics.[55,56] Subcutaneous implantation
of pellets had little or no effect on weight curve of range lambs and calves [70] .

PLANT NUTRITION Plant growth was markedly stimulated by 5-10 ppm of bacitracin in sterile tissue cultures
using duckweed (Lemna minor) as the test subject [57] . Growth of wheat roots in distilled water was stimulated
by addition of 0.1-0.32 ppm of antibiotic [67] .

MISCELLANEOUS Concentrations of 100 ppm in autoclave-sterilized media useful in laboratory for controlling
bacterial contamination in cultures of sunflower-callus tissues [62] . Relatively high concentrations of bacitracin
(300-500 mg per 14 lb of wheat) and certain other antibiotics were lethal to several varieties of coleopterous
stored-grain insects within 30-60 days [63]) . The median lethal dose, by injection, in the German cockroach,
Blattella germanica, was 100-235 ug [64] .

46. BIFORMYNES
(Biformin, Biforminic Acid)

SOURCE Polyporus biforminis [1] .
NATURE Polyacetylenel [2].

UV ABSORPTION MAXIMA Biformyne 1: 259, 274, 291, 310 my [2,3].
Biformyne 2: 263, 274, 290, 310 mu?2 [3].

SOLUBILITY s. water, ether, chloroform, methyl isobutyl ketone, alcohol [1] .
STABILITY Thermostable in dilute solution; unstable in concentrated aqueous solution.[1]

OTHER REACTIONS Destroyed by drying; no color with KCN; no I from cold HI; negative FeClj; biformyne 1 ex-
tractable with organic solvents, but 2 is extractable only after culture liquid is boiled; 2 can be reduced catalytically
to a compound of molecular formula CIOHZOOZ'[1'3]

QUANTITATIVE DETERMINATION Microbiological: Micrococcus pyogenes var, aureus {1] .

BIOLOGICAL ACTIVITY Invitro. Biformyne l: Inhibits (pg/ml) Bacillus subtilis, M. pyogenes var. aureus,
Mycobacterium tuberculosis, Myco. smegmatis, Myco. phlei, Escherichia coli, Klebsiella pneumoniae at 0.04-3.5;
Pseudomonas aeruginosa, B. mycoides at 32-63. Inhibits fungi at 0.25-4.0 ug/ml: Stemphylium consortiale,
Trichophyton mentagrophytes, Memnoniella echinata, Chaetomium globosum, Saccharomyces cerevisiae, Aspergil-
lus niger, and Penicillium notatum. Myrothecium verrucaria required 32-63 pg/ml. Resistance by M. pyogenes
var. aureus did not develop.

Biformyne 2: In vitro activity similar to that of biformyne 1 [1] .

In vivo. Inactive when administered i.p. or s.c. to mice infected with M. pyogenes var. aureus and Myco.
tuberculosis [1,2] .

/1/ Biformyne 1 appears to be an unsaturated 9-carbon glycol with 2 ethylenic and 2 acetylenic bonds. /2/ On
treatment with alkali, both show a slow UV shift complete after 8-9 days at pH 10, 37°C; new maxima at 278, 291
my.
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46, BIFORMYNES (Concluded)

ACUTE TOXICITY LDjgq in mice, 18.8 mg/kg, i.v.; 37.5 mg/kg, i.p. Contact with human skin produced a
severe dermatitis.[1]

47. BIOCERIN

SOURCE Bacillus cereus [1] .

SOLUBILITY s. acetone, ether, chloroform, 95% ethanol; i. water.[1]

OTHER REACTIONS Activity decreased in presence of rabbit serum [1] .

BIOLOGICAL ACTIVITY In vitro. Crude preparations inhibited (ug/ml) Micrococcus pyogenes var. aureus and
var. albus at 50; Corynebacterium diphtheriae, B. anthracis, B. subtilis, Brucella suis, Escherichia coli,

Aerobacter aerogenes at 500,[1])

ACUTE TOXICITY Mice tolerated i.p. doses of 1000 mg/kg (1] .

48. BORRELIDIN

SOURCE Streptomyces rochei [1] .
NATURE Acidic [1] .
MOLECULAR FORMULA C,.H, ,O/N (proposed) [1] .
MELTING POINT (OC) 145-146 [1] .
OPTICAL ACTIVITY [a)¥] = -280! [1].
UV ABSORPTION MAXIMUM 256 mp [1] .
SOLUBILITY s. ether, benzene, butanol, butyl acetate, methanol, isopropanol (1] .
QUANTITATIVE DETERMINATION Microbiological: Borrelia spp, Sarcina lutea [1] .
BIOLOGICAL ACTIVITY In vitro. Inhibits S. lutea and micrococci [1] .
In vivo. Active in mice infected with B. novyi, following s.c. doses of 3.25 mg/kg. No protection afforded
in experimental rabbit syphilis. Enhances activity of penicillin in vivo in experimental infections.[2]
ACUTE TOXICITY Fairly toxic to mice, rats, rabbits and chicks. LDgg in mice, 39 mg/kg, i.v.; 75 mg/kg, s.c.;

rats, 1.8 mg/kg, s.c.[3]. Toxicity (growth stunting of rats) can be counteracted by oral doses of niacin or tryp-
tophan [4] . Irritating to human skin [3] .

49. BOSTRYCOIDIN

SOURCE Fusarium bostrycoides [1] .

NATURE Pigment, substituted naphthaquinone [1,2] .

MOLECULAR FORMULA AND WEIGHT C gH, O, (probable); 342 (calc.).[2]
CRYSTAL FORM AND COLOR Brown or red laths in clusters [2] .
MELTING POINT (°C) 243-244 [2] .

UV ABSORPTION MAXIMA 251, 320 mp [2] 5

SOLUBILITY s. strong acids, alkalies; less s. 1,4-dioxane, benzene, ethanol, chloroform, carbon tetrachloride,
acetone; i. water. (2]

OTHER REACTIONS Similar to javanicin; sublimes in vacuo; orange-red in acid, deep purple in alkaline solution.
(1.2]

QUANTITATIVE DETERMINATION Microbiological: Mycobacterium tuberculosis var. hominis [1] .

/1/ Ethanol.
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49. BOSTRYCOIDIN (Concluded)

BIOLOGICAL ACTIVITY In vitro. Inhibits (ug/ml) Myco. tuberculosis at 10-20; Micrococcus pyogenes var.
aureus, Streptococcus pyogenes, Bacillus subtilis, Brucella abortus, Corynebacterium hoffmani, Pseudomonas
aeruginosa at 2-10,[1]

PHARMACOLOGY Mice tolerated 250 mg/kg doses, i.p., s.c., or per os, for 2-21 days. Rapidly exc¢reted in the
urine following i.p. or oral administration.[1]

50. BREVIN

SOURCE Bacillus brevis [1] .

NATURE Polypeptide [1] .

SOLUBILITY sl. s. water, aqueous ethanol; i. absolute ethanol.[1]

OTHER REACTIONS Contains aspartic acid, glycine, tyrosine, serine, and an unidentified basic substance [1] .

QUARTITATIVE DETERMINATION Microbiological: Corynebacterium xerose, Micrococcus pyogenes var,
aureus (1] .

BIOLOGICAL ACTIVITY [Inyvitro. Inhibits M. pyogenes var. aureus, C. xerose, C. diphtheriae, Mycobacterium
tuberculosis in dilutions of 1:20, 000-1:160, 000. No inhibition of Streptococcus pyogenes and Gram-negative rods.

(1]

51. BREVOLIN

SOURCE Bacillus brevis [1] 5

FORM AND COLOR HCl: yellowish-white, amorphous [1] .
OPTICAL ACTIVITY [a]26 = -18.9° [1] .

UV ABSORPTION MAXIMUM 272.5 mu® 1] .

SOLUBILITY s. water, acid methanol, methanol; sl. s. ethanol; i. acetone, ether, butanol, ethyl acetate, chloro-
form, benzol, petroleum ether, ligroin.[1]

OTHER REACTIONS Positive ninhydrin, biuret, Milloen, Sakaguchi, xanthoproteic, Molisch, Elson-Morgan.[1]
QUANTITATIVE DETERMINATION Microbiological: Mycobacterium avium, Bacillus subtilis PCl 219 [1].
BIOLOGICAL ACTIVITY In vitro. Inhibits (ug/ml) Myco. tuberculosis, 0.8-1.6; Myco. avium, 3-5; Myco. phlei,
B. subtilis, Brucella abortus, 0.3; Micrococcus pyogenes var. aureus, Escherichia coli, 5; Shigella dysenteriae,

2.5; Salmonella typhosa, 20. No activity against Pseudomonas sp and fungi.[1]

ACUTE TOXICITY LD, in mice, 37.5 mg/kg, i.v.[1] .

50

52. BROMOTETRACYCLINE

SOURCE Chlortetracycline-producing Streptomyces strains [1] .

MOLECULAR FORMULA AND WEIGHT CZZHZ3OBNZ Br; 523.45 (calc.).[1]

STRUCTURE

(1]
MELTING POINT (°C) HCl: 235-240 (d.){1] ; browns at 218 (d. at 235)(3] . Free base: 170-172 [1].

OPTICAL ACTIVITY [a]20 = -196% 1] ; [a], =-205°%[3].

/1/ ¢, 1, methanol. /2/ 99% methanol. /3/ In 0.1 N HCl. /4/ 0.5% in 0.03 N aqueous HCIl.
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52. BROMOTETRACYCLINE (Concluded)

UV ABSORPTION MAXIMA 227, 260, 370 mul; 225, 255, 285, 345 mu2.[1]
SOLUBILITY In water, 1.36%>; in dry n-butanol, 0.038%°.[3]
STABILITY Stable at acid pH; decreasing stability above pH 7.0 at 37%¢.[2]

QUANTITATIVE DETERMINATION Hydrochloride in terms of chlortetracycline HCl: Turbidimetric: Micrococcus
pyogenes var. aureus, 95%; Escherichia coli, 90%. Fluorometric: 26%. Hiscox: 45%. Spectrophotometric: 77%3%.
(3]

BIOLOGICAL ACTIVITY In vitro. Antibacterial spectrum resembles that of chlortetracycline. Inhibits (ug/ml)
Bacillus anthracis at 0.03; Sarcina lutea, 0.15; M. pyogenes var. aureus, Streptococcus pyogenes, Str. faecalis,
Klebsiella pneumoniae, B. subtilis, Clostridium perfringens, Mycobacterium phlei, Myco. ranae, 0.3; Diplococcus
pneumoniae, 0.5; M. flavus, Myco. minetti, 0.6; E. coli, 1.0; Brucella abortus, 1.2; Salmonella typhosa, Bacillus
cereus, I.5; Proteus vulgaris, 2; Shigella sonnei, 3; Myco. tuberculosis var. hominis, 10; Pseudomonas aeruginosa,
20. Fungi not sensitive to 100 ug/ml.[2]

In vivo. Complete protection in mice infected with Str. pyogenes following daily oral doses of 200 mg/kg,
and 30-60% protection with 50-100 mg/kg. Good protection against K. pneumoniae with 250-500 mg/kg/da, orally.
High doses (500 mg/kg) gave slight protection against Myco. tuberculosis var. hominis in mice.[2]

PHARMACOLOGY LDgq in mice, 89 mglkg, i.v. (HCI). Action on isolated organs and blood pressure of guinea
pigs similar to that of chlortetracycline [2] .

RESISTANCE Complete cross resistance with tetracycline, chlortetracycline and oxytetracycline. No cross re-
sistance with streptomycin and neomyecin. Some E. coli strains rendered resistant to chloramphenicol showed in-
creased resistance to bromotetracycline [2] .

MODE OF ACTION Primarily bacteriostatic; high concentrations may be bactericidal. Like other tetracyclines,
bromotetracycline is active against multiplying bacterial cells.[2]

53. BRYAMYCIN

SOURCE Streptomyces hawaiiensis, n. sp [1] .

NATURE Polypeptide [1] .

MOLECULAR WEIGHT 1600-1750° [1] . v
MELTING POINT (°C) 223-235 (d.) [1] .

OPTICAL ACTIVITY [a]2] = -68.5°° [1] .

UV ABSORPTION MAXIMA 310 my; strong end absorption below 250 mp7 .

SOLUBILITY s. pyridine, glacial acetic acid, 2-methylol tetrahydropyran, tetrahydrofurfuryl alcohol; less s.
(20 mg/ml) chloroform, ethylene glycol, monomethyl ether, dioxane, 2 N HCl; i. water, ethanol, acetone, benzene,
ethyl acetate, dimethoxyethane.[l]

OTHER REACTIONS Infrared peaks or shoulders at 3.1, 5.8, 6.04, 6.15, 6.6 (S), 8.33, 8.83, 9.48 (S), 10.73, 11.26,
12.4 and 15.0 (S) u in a liquid petrolatum mull suspension; hydrolysis yields ninhydrin-positive hydrolysates which
contain glycine, a-alanine, threonine, cystine, isoleucine, and several unidentified substances.[I]

QUANTITATIVE DETERMINATION Microbiological: Bacillus subtilis8 .

BIOLOGICAL ACTIVITY Active primarily against Gram-positive bacteria.

In vitro. Inhibits (ug/ml) Streptococcus agalactiae, Str. dysgalactiae, Diplococcus pneumoniae, Lactobacillus
acidophilus, Corynebacterium xerose, 0.002-0.003; Micrococcus pyogenes var. aureus, M. tetragena, L. casei,
Clostridium perfringens, Cl. sporogenes, 0.02-0.03; B. anthracis, 0.05; Str. pyogenes, 0.5. The following Gram-
negative bacteria were insensitive to 10 ug/ml: Salmonella typhosa, Shigella sonnei, Klebsiella pneumoniae,
Escherichia coli, Proteus vulgaris, Pseudomonas aeruginosa.[1)

In vivo. Activity in mice infected with D. pneumoniae with CDg of 0.004 mg/kg, i.p.; 5 mg/kg, i.m.; and
62 mg/kg by oral route. Median curative dose against Str. pyogenes infection was 0.13 mg/kg, i.p., and 30 mg/kg,
i.m. [1]

/1/ In0.1 NHCL /2/ In0.25 N NaOH. /[3/ 25°C. /4] 368 my in 0.1 N H,80,. /5/ Signer. /[é/ c, 1 chloro-
form. [7/ In6N HZSO4. /8/ ATCC 6633,
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53. BRYAMYCIN (Concluded)

PHARMACOLOGY Acute toxicity in mice; LDgg, >750 mg/kg, i.v.; >1000 mg/kg by i.p. or oral routes.[1]  Slight
irritation following i.m. injection in rats and rabbits. Absorbed very slowly from intramuscular site of injection;
could be recovered therefrom up to 10 days later.[1]

54. CACAOMYCETIN

SOURCE Streptomyces sp, resembling S. cacaoi [1] .

SOLUBILITY s. water, many organic solvents including carbon tctrachloride [1] .

STABILITY Stable at neutral and acid pH; unstable at alkaline pH [1] .

OTHER REACTIONS Paper chromatography indicates 4 antibiotics [1] .

BIOLOGICAL ACTIVITY [In vitro. Activity against a number of saprophytic phycomycetes and ascomycetes. 1n-
hibits (ug/ml) Monascus spp, 0.2-0.5; Aspergillus spp, 0.1-0.5; Ceratostomella fimbriata, 5; Helminthosporium
oryzae, 20; Alternaria sp, 100. Trichophyton purpureum, Mucor spp, Penicillium chrysogenum, and Torula

utilis are resistant, >200. Bacteria: Micrococcus pyogenes var. aureus, Bacillus subtilis, and Mycobacterium
avium were sensitive to 50 ug/ml; Escherichia coli resistant, >200.[1]

55. CAMPHOMYCIN
{Canphomycin)

SOURCE Streptomyces rutgersensis var. castelarense, n. var. [1].

NATURE Possibly a quaternary ammonium base [1].

FORM AND COLOR White to yellowish-white powder [2] .

MELTING POINT (°C) 20-22 [2].

UV ABSORPTION No peaks or crests; progressively diminishes from 210 to 450 my.[2]

OTHER REACTIONS Positive Nessler; Tollens; liberates NH3 on action of NaOH; alcoholic solution, treated with
hot concentrated HC1 or H,SOy4, turns green, then orange, and finally reddish; hot NaOH gives a red color which
clears on cooling; this color disappears on oxidation with chlorine; has reductive properties.[1,2]

BIOLOGICAL ACTIVITY In vitro. Inhibits (ug/ml) Micrococcus pyogenes var. aureus, M. pyogenes var. albus,
Bacillus subtilis, B. mycoides, B. anthracis, 5; Chromobacterium violaceum, 10; Escherichia coli, 50;
Xanthomonas campestris, 100; Mycobacterium smegmatis, Myco. avium, Sarcina lutea, Klehsiella pneumoniae,
Salmonella paratyphi, S. typhimurium, S. pullorum, Serratia marcescens, Erwinia carotovora, >100. Fungi
(ug/ml): Helminthosporium sativum, Neurospora crassa, 5; Botrytis cinerea, Rhizoctonia solani, Penicillium
roseum, Fusarium spp, Rhizopus nigricans, Aspergillus niger, Piricularia oryzae, Absidia glauca, Saccharomyces
spp, >100.[1,2]

In vivo. No activity against Trypanosoma equiperdum in mice treated with doses of 5 mg [2] .

TOXICITY Mice tolerated 550 mg/kg, i.v. or by oral route [1] . Concentrations of 1-10 ppm toxic to a variety of
plants including maize, oat, barley, wheat, alfalfa, cabbage, tomato, carrot [2].

56, CANDICIDINS

SOURCE Streptomyces griseus and other Streptomyces spp [1] .

UV ABSORPTION MAXIMA Candicidin A: 360, 380, 403 mu.
B: 362, 381, 404 mp.
C: 358, 379, 402 mp.[1]

SOLUBILITY s. higher alcohols; i. benzene, petroleum ether, carbon tetrachloride, xylene, carbon disulfide,
ethylene dichloride, ether, ethyl acetate. Only Candicidin A s. water.[1]

STABILITY Concentrated solution more stable than dilute; A and B stable at neutrality for 10 minutes at 60°C and
1 week at 49; activity gradually lost at room temperature.[1]

OTHER REACTIONS Crude candicidin non-dialyzable [E16)is:

QUANTITATIVE DETERMINATION Microbiological: Candida albicans1 [i1))=

/1] Assays on streak plates because of poor diffusion; values increase with NaCl or higher pH.
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56. CANDICIDINS (Concluded)

BIOLOGICAL ACTIVITY Invitro. Candicidin A, B: Antifungal activity; inhibit, at 0.5-10 ug/ml, C. albicans,
C. stellatoidea, C. tropicalis, C. pseudotropicalis, C. krusei, Blastomyces dermatitidis, Histoplasma capsulatum,
Paracoccidioides brasiliensis, Cryptococcus neoformans, Geotrichum spp, and Hormodendrum pedrosoi. Candida
parakrusei inhibited at 25-50 ug/ml. Less sensitive, 200-500 ug/ml: Coccidioides immitis, Sporotrichum schenckii,
Nocardia asteroides, Trichophyton spp, Microsporum canis, M. audouini, Epidermophyton floccosum. Also inhibit
species of Aspergillus, Cercospora, Botrytis, Pullularia, Trichoderma, and other phytopathogens.[l, 2]

C: Relatively inactive.

In vivo. Candicidin A, B: Protected mice against infections with Candida albicans, Bl. dermatitidis, and S.
schenckii. Little or no activity against Coccidioides immitis and H. capsulatum following i.p. doses of 37.5 mg/kg/da
for 10 days.[2, 4, 5]

CLINICAL Topical use of 1% solution and daily administration of suppository containing 1 g of candicidin was
effective in the treatment of an isolated case of vulvovaginitis caused by Candida albicans [6] . Four patients with
intertriginous moniliasis showed favorable response after topical treatment with 1% solution candicidin B.
Candicidin A failed to benefit 3 cases of paronychial moniliasis [3] .

PHYTOPATHOLOGY Crude preparations decreased powdery mildew infection in young bean plants sprayed once
weekly with 660 pg/ml solution. No toxic effect on bean plants at 660 pg/ml or on germination of pea seeds at 125
pg/mlfl] A single spray application of 1:5000 of antibiotic, 3 days before inoculation of Pinto beans with Uromyces
phaseoli, reduced infection by 90% [7] . Concentration of 1:16, 000 is excellent protective dip against brown rot in-
fection of peach fruit {8] . Failed to control effectively stem rust of wheat when used as a preinoculation spray
under greenhouse conditions [9] .

TOXICITY In vitro. In tissue cultures, concentrations of 100-200 ug/ml inhibited explants of chick embryonic
heart, and 80-165 pg/ml inhibited human skin tissue [10] .

ACUTE TOXICITY Considerable variation between lots. Candicidin A: LDgq in mice, 277 mg/kg, s.c., and 47-65
mg/kg, i.p.

i [Bi LDgq in mice, 159 mg/kg, s.c., and 53 mg/kg, i.p. Necrosis developed at site of s.c. injection of 25
mgl/kg.l2

57. CANDIDINS

SOURCE Streptomyces viridoflavus, n. sp 1] .
UV ABSORPTION MAXIMA Na salt: 234, 282, 345, 360, 383, 405 mp.l 1.

SOLUBILITY s. water at neutral and alkaline pH. Free acid: s. ethanol, methanol, glacial acetic acid, ethylene
glycol, monomethyl ether, pyridine, other basic solvents. Free acid (Na salt): i. or sl. s. ether, chloroform,
acetone, benzene, non-polar solvents.[1]

OTHER REACTIONS Precipitated by dilute acetic or mineral acids; contain N, but negative ninhydrin after
hydrolysis; negative Molisch, Benedict, Fehling, Tollens, Schiff, pine splint, FeCl3, deep blue with Hp SOy4; de-
colorize Br in CHCl3 and 1% KMnOy; positive tests for ketones with NaHSO,4, semicarbazide, 2, 4-dinitrophenyl-
hydrazine; resemble candicidin, ascosin, trichomycin. Separates by solvent extraction into 2 fractions; ethanol-
soluble is \candidin A, insoluble is B, but A is probably an artifact.[l1, 2]

1

QUANTITATIVE DETERMINATION Microbiological: Candida albicansz [1].

BIOLOGICAL ACTIVITY In vitro. Antifungal activity; inhibit C. albicans, Trichophyton mentagrophytes,
Blastomyces dermatitidis, and Sporotrichum schenckii at 0.2-4.1 pg/ml. [1]

In vivo. Candidin B: Daily oral doses of 100 mg/kg resulted in complete suppression of fungi with a con-
comitant 1000-fold increase in bacterial fecal flora of mice [2] .

ACUTE TOXICITY LDsg of crude preparations in mice, 7-36 mg/kg, i.p. [1] .
Candidin B: LDgg in mice, 1.5 mg/kg, i.v.; 30 mg/kg, s.c., with necrosis at site of injection after single
doses of 10-40 mg/kg.

CHRONIC TOXICITY Daily oral doses of 100 mg/kg for 6 days were well tolerated, but mice showed a reduction
in spleen size [2] .

58. CANDIDULIN

SOURCE Aspergillus candidus [1] .

NATURE Neutral, non-aromatic 1] .

/1/ Aqueous solutions; free acid lacks 345 mp peak. /[2/ By streak plate.
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58, CANDIDULIN (Concluded)

MOLECULAR FORMULA AND WEIGHT C“Hl 5NO3 (proposed); 209.13 (calc.).[1]
CRYSTAL FORM AND COLOR Long, white needles [1] .
MELTING POINT (°C) 88-89 (uncorr.) [1] .
24 o 1
OPTICAL ACTIVITY [u]D =415 %2 [1].
UV ABSORPTION No characteristic spectrum [1] .

SOLUBILITY s. methanol, ethanol, acetone, ether; less s. chloroform, benzene, carbon tetrachloride, water;
sl. 8. n-hexane.[1]

STABILITY Thermostable; alkali labile [1] .

OTHER REACTIONS Negative FeCly, ninhydrin, 2, 4-dinitrophenylhydrazine, 3, 5-dinitrobenzylchloride,
xanthydrol, HgQ; inactivated by Br in CC14.[l]

QUANTITATIVE DETERMINATION Microbiological: Mycobacterium ranae [1] .

BIOLOGICAL ACTIVITY In vitro. Inhibits (ug/ml) Myco. tuberculosis, 0.06-0.1; Myco. ranae, 0.4-2.5; Myco.
smegmatis, 2.5; Mycobacterium sp, 1.25; Bacillus subtilis, Klebsiella pneumoniae, 10; Brucella abortus, 20;
Escherichia coli, 160; Streptococcus hemolyticus, 160; Micrococcus pyogenes var. aureus, Sarcina lutea, 320.
Fungi: Aspergillus fumigatus, 80; Penicillium puberulum, 40.[1] Inhibits Saccharomyces cerevisiae, Torula
utilis, Absidia orchidis, Aspergillus niger, 6.2; Willia sp, Candida krusei, Mucor pusilis, Botrytis sp, 12.5;
Trichophyton interdigitale, 50.[2] Inactivated in vitro by whole blood [1] .

In vivo. No protection against Myco. tuberculosis in mice given 12 daily s.c. injections of doses up to 200
mg/kg [1] .

ACUTE TOXICITY I..D50 in mice, approximately 250 mg/kg, s.c.[1] .

59. CANESCIN

SOURCE Penicillium canescens (Sopp.) [1] .
NATURE Monobasic acid [1] .

MOLECULAR FORMULA AND WEIGHT C15Hl407;
CRYSTAL FORM AND COLOR Colorless needles’ [1] .

282 (found); 306 (calc.). [1]

MELTING POINT (OC) 201-202 (d.) [1] .
SOLUBILITY s. cold sodium bicarbonate; sl. s. water, organic solvents.[1]
STABILITY Very unstable, especially at pH 6 and above [1] .

OTHER REACTIONS Dissolves in cold NaHCOj3 with effervescence, giving a red color, later orange; purple color
with FeCl3 added to ethanol solution; negative Fehling.[1]

BIOLOGICAL ACTIVITY In vitro. Low antibacterial activity; inhibits Bacillus subtilis and Micrococcus pyogenes
var. aureus at 100 ug/ml. Inhibits fungi at 12.5-25 pg/ml: Botrytis allii, Penicillium brevi-compactum, P.
stoloniferum, Stachybotrys atra, Fusarium caeruleum, F. graminearum, Thamnidium elegans. At 50-100 ug/ml:
P. digitatum, P. expansum and Stemphylium sp.[1]

60. CARBOMYCIN
The trademark of Chas. Pfizer & Co., Inc., for carbomycin is Magnamycin.

SOURCE Streptomyces halstedii [1] .
NATURE Monobasic [1-4] .

:zi)il:’E)C[IzJLﬁR FORMULA AND WEIGHT C,q_,.Hg, 5 NO, [2]:Cy) _ Hen (oNO,, [3,4]; 830, 840, 860, 864 (neut.

/1/ ¢, 1 chloroform. /[2/ From ethanol.
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60. CARBOMYCIN (Continued)

CRYSTAL FORM AND COLOR Slender, white, blunt-ended, needle-shaped crystals [1] ; colorless l.:-xthsl [3];
rectangular platesZ [4] .

MELTING POINT (OC) 210-218 (d.) [2-4] .

OPTICAL ACTIVITY [a]25 = -58.69° [1], -56.10 [4] , -54% « 2% [2] , -56 4 2°, -55.297 [2] .
UV ABSORPTION MAXIMA 238, 327 mp6 [3,4].

SOLUBILITY s. water (acid salts), most organic solvents; i. water (base), hexane.[l, 3]

STABILITY Most stable at pH 5-77; stable for several months in dark at room temperature; unstable below pH 3
and above pH 9.[2-4]

OTHER REACTIONS Negative ninhydrin, Van Slyke, FeCljs; positive Fehling, Tollens, 2, 4-dinitrophenylhydrazine,
Baeyer permanganate, ceric nitrate; decolorizes Br; unaltered by serum; violet color at room temperature with 40%
H,S504 or 4 N HCL; intense yellow color with methanolic KOH solution; water-insoluble precipitate with trichloro-
acetic acid.[2-4] Acid hydrolysis yields 2 sugars: mycarose (C_H, ,0O,) and mycaminose (C,H.,NO,) from both

< 771474 87174
carbomycin and carbomycin B [32, 33] .

QUANTITATIVE DETERMINATION Microbiological: Bacillus subtilis [4] . Colorimetric [5] .

BIOLOGICAL ACTIVITY In vitro. Active mainly against Gram-positive and a few Gram-negative bacteria, large
viruses, rickettsiae, and certain protozoa. Fungi are insensitive. Inhibits (ug/ml) B. subtilis, B. anthracis, and
B. mycoides, 0.2-1.5; Diplococcus pneumoniae, 0.01-0.15; Gaffkya tetragena, 0.3; Micrococcus pyogenes var.
aureus, 0.2->25; Streptococcus pyogenes, 0.01-2.5; Str. faecalis, 0.2-12.5; Str. lactis, 0.16; Str. mitis, 0.04-1.25;
Streptococcus spp, 0.1-12.0; Corynebacterium diphtheriae and C. bovis, 0.04-0.8; Clostridium tetani and Cl.
botulinum, 0.4-1.5; Cl. perfringens, 6.2; Clostridium spp, 1.5-3.0; Erysipelothrix rhusiopathiae, 0.25; Listeria
monocytogenes, H. pertussis, 3.1; Neisseria gonorrhoeae, 0.1-3.1; Mycobacterium spp, 0.4->25; N. catarrhalis,
0.02-0.8; N. meningitidis, 0.2-2.5; Hemophilus influenzae, 0.02-6.2; Pasteurella multocida, 6.25; Brucella
bronchiseptica, 6.25-12.5; Escherichia coli, 3.2->100; pleuropneumonia-like organisms, <1.0. Generally re-
sistant, 50 pg or more: Aerobacter aerogenes, Klebsiella pneumoniae, Proteus, spp, Pseudomonas spp, Sal-
monella spp, Shigella spp, and Candida albicans.[6,7] Protozoa {(ug/ml): Trypanosoma cruzi and Leishmania
donovani sensitive to 32-62; T. rhodesiensis, 125; Trichomonas vaginalis, T. foetus, 250; Entamoeba histolytica,
32-125. Spermatozoa in man immobilized by 1000 wg/ml in 95 minutes.[8] Concentrations of 2 mg/ml had no
effect on the virus of herpes simplex [34] . .

In vivo. Good protection afforded against M. pyogenes var. aureus, Str. pyogenes, and D. pneumoniae in-
fections in mice, with total doses of 5-50 mg/kg administered i.p. or s.c. [9] . Doses of 10 mg/kg, i.p., gave good
protection against Past. multocida in mice; 65 mg/kg highly active in fowl typhoid infection (Salmonella gallinarum)
in chicks; no protection against mouse infections with B. anthracis and Myco. tuberculosis.[30] High activity (in
chick embryos, mice, guinea pigs, or cotton rats) against Rickettsia prowazeki, R. typhi, R. akari, R. tsutsugamushi,
R. rickettsi, R. conori, North Queensland tick typhus, and Coxiella burneti; also against viruses of psittacosis,
ornithosis, lymphogranuloma venereum, human pneumonitis, feline pneumonitis, and sporadic encephalomyelitis.
[10,25] Oral doses of 100 mg/kg ineffective in guinea pigs infected with Entamoeba histolytica [29] . Daily intra-
muscular doses of 20 mg/kg for 10 days cured experimental syphilitic orchitis in rabbits [35] . In rats, oral doses
of 337-665 mg/kg/da effectively controlled experimental intestinal amebiasis [37] .

CLINICAL On basis of preliminary trials, carbomycin appears useful in therapy of infections, particularly those
caused by Gram-positive organisms which are resistant to penicillin and other antibiotics. Favorable response has
been reported in infections with Str. pyogenes treated with 1-2 g daily in divided oral doses.[11] Doses of 100-125
mg/kg for approximately 9 days were effective in children for control of infections caused by M. pyogenes var.
aureus (pyoderma, deep abscesses, and pneumonia)[12] . Good response in pneumonia caused by D. pneumoniae and
Str. pyogenes [22] ; in chronic urinary tract infections caused by enterococci [24] and in gonorrhea [26] . Ina
limited series of patients with primary or secondary syphilis, daily oral doses of 2-3 g promptly cleared lesions

of Treponema pallidum [31,36] . Preliminary trials suggest value in granuloma inguinale (donovanosis) [13] ; also
indicate value in clinical amebiasis [38] and in tsutsugamushi disease [39] . Daily doses of approximately 1.5 g for
10 days gave good clinical response in amebic dysentery [14, 15] .

VETERINARY Daily oral doses of 25 mg/kg had a suppressive effect on experimental Neorickettsia helmintheca
infection ("salmon poisoning") in dogs, but the infection was not completely eliminated [40] . In preliminary trials
antibiotic appeared valuable in treating distemper complex in dogs [27] .

ACUTE TOXICITY LDgg in mice, 550 mg/kg, i.v.; 2950 mg/kg, s.c.; 1000 mg/kg, i.m.; >3500 mg/kg, per os.
LDgg in rabbits, 700 mg/kg, i.v.; >5000 mg/kg, per os.[16]

/1/ From ethanol. /2/ From ethanol-water. /[3/ ¢, l chloroform. /4/ ¢, 1 methanol. /5/ ¢, 7 chloroform.
/6/ Absolute ethanol. /7/ 11 days at 25°C.
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60. CARBOMYCIN (Concluded)

CHRONIC TOXICITY Five daily i.v. injections of 200 mg/kg, or same dose administered orally or i.m., for 20
weeks were well tolerated. No evidence of eighth cranial nerve damage in cats given daily i.m. doses of 200 mg/kg
for 9 weeks.[16]

In man, daily oral doses of 2 g well tolerated [17, 23] ; nausea with occasional vomiting and diarrhea re-
ported following daily oral doses of 2.5 g [18] .

ABSORPTION AND EXCRETION Wide variations in blood levels noted in animals and man after oral or parenteral
administration; these levels are generally low. In rabbits, 100 mg/kg, i.v., gave serum levels of 10 pg/ml in 30
minutes which dropped to 2.2 pg/ml after 3 hours; following oral administration of 200 mg/kg, low levels of
approximately 0.75 pg appeared in 2 hours and 0.1 pg at the fourth hour, with usually less than 1% of the total i.m.

or oral dose recovered in the urine. However, wide distribution in tissues, exudates, or organ contents, equal to or
exceeding the serum concentration, was noted. Little or no diffusion through blood-brain barrier,[19, 20] 1n

man, following i.m. injection of 3.3~8.0 mg/kg, or oral doses of 12-18 mg/kg, peak serum concentrations of
approximately 0.7 pg/ml declined to 0.1-0.3 pg in 3-4 hours [17,19].

RESISTANCE Certain test bacteria acquired resistance in vitro in a slow stepwise pattern similar to that exhibited
by penicillin [1] . Cross resistance of streptococci and micrococci exhibited between carbomycin and erythromycin
[21] .

ANIMAL NUTRITION Stimulated growth of chicks when incorporated in ration in concentration of 2 g per ton, and
of baby pigs in concentration of 40 g/ton [28] .

61, CARBOMYCIN B
(Magnamycin B)

SOURCE Streptomyces halstedii [1] .
NATURE Weak base [1] .

MOLECULAR FORMULA C (proposed) (1] .

41-42M67-697015
CRYSTAL FORM AND COLOR Colorless anisotropic plates, frequently hexagonall. HCl: fine needles.[1]
MELTING POINT (OC) 141-144 (d.). HCl: 164-166 (d.).[1]

OPTICAL ACTIVITY [a]25 = -35°% [1].

UV ABSORPTION MAXIMUM 278 mp3 [1].

SOLUBILITY s. etha.nol4; less s. waters.[l]

STABILITY Stable 3 months at pH 5; relatively unstable at pH 3 and 106.[1]

OTHER REACTIONS May be isomeric with carbomycin; contains a single methoxyl group, a dimethylamino nitrogen
group, and a volatile acid; yields methylmycarose isovalerate on hydration in methanolic HCl; vigorous acid hy-
drolysis yields C8H17NO4; mono-acetyl, tetrahydro, and mono-acetyltetrahyd.o are biologically active derivatives.
(1]

BIOLOGICAL ACTIVITY In vitro. Same antimicrobial spectrum as carbomycin [1] .

ACUTE TOXICITY LDgg in mice, by oral, i.p., and s.c. routes, comparable to that of carbomycin. élightly higher
toxicity by i.v. route. LD.,, 300 mg/kg.[1]

ABSORPTION AND EXCRETION In man, preliminary trials indicated that oral doses gave higher blood concentra-
tions than those usually obtained with carbomycin. Following doses of 500 mg every 12 hours, serum levels of
0.3-0.6 pg/ml were maintained for 1-3 hours, with high concentrations in the urine and feces in 6-24 hours. No
detectable levels in cerebrospinal fluid.[2]

62. CARDICIN

SOURCE Nocardia sp [1] .
NATURE Acidic [1] .

CRYSTAL COLOR White [1] .

/1/ From acetone. /[2/ c, 2 chloroform. [3/ Absolute ethanol. /4/ 450 mg/ml at 25°. /5/ 0.1-0.2 mg/ml.
/6/ Half-life, 10 days.
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62. CARDICIN (Concluded)

SOLUBILITY Free acid: s. methanol. ethanol, aqueous butanol; i. water, saline, ether, acetone. Na salt: s.
water, ethanol, aqueous butanol; i. ether, cold anhydrous butanol.[1]

STABILITY Fairly stable at wide temperature and pH range; stable at 5°C.[1]

QUANTITATIVE DETERMINATION Microbiological: Antiviral in eggs; Bacillus subtilis.[1]

BIOLOGICAL ACTIVITY In vitro. Inhibits (ug/ml) B. subtilis, Saccharomyces cerevisiae, <l; Mycobacterium sp,
2.5; Aspergillus niger, 5. Inactive against Escherichia coli, Proteus vulgaris, Salmonella typhosa. Inhibits

bacteriophages. In chick embryo, antibiotic is active against strains PR-8 and FM-1 influenza virus.[1]

ACUTE TOXICITY LD ., in mice, 8.25 mg/kg, i.p. and s.c.[1].

00

63. CARNEOLUTESCIN

SOURCE Penicillium carneo-lutescens [1] .

NATURE Oil containing C, H, O [1] .

SOLUBILITY s. ether, benzene, ethanol; sl. s. water. [1]

STABILITY Stable at room temperature at acid pH; less stable at higher pH.[1]

OTHER REACTIONS Negative FeCl,, Fehling; activity greatly reduced by serum.(1]

3
QUANTITATIVE DETERMINATION Microbiological: Micrococcus pyogenes var. aureus [1] .

BIOLOGICAL ACTIVITY In vitro. lnhibits M. pyogenes var. aureus at 1:1, 600,000 dilution, Streptococcus pyog-
enes at 1:800,000, Salmonella enteritidis at 1:100, 000, Bacillus anthracis at 1:6, 400, 000.[1]

64. CARZINOCIDIN

SOURCE Streptomyces sp [1], S. kitazawaensis [3] .

FORM AND COLOR Brownish black powder [1] .

UV ABSORPTION MAXIMA None specific [1] .

SOLUBILITY s. alkaline water; i. organic solvents. [1]

STABILITY Unstable to heat, particularly at alkaline pH; stable at 5°C for 10 days.[1]

OTHER REACTIONS Positive xanthoproteic, Pauly; negative Millon, biuret, Adamkiewicz, Liebermann, ninhydrin,
Neubauer-Rhode, diphenylamine, cysteine-HZSO4, nitroprusside, Folin, anthrone; culture also produces antimycin
A.[1]

BIOLOGICAL ACTIVITY In vitro. Slight activity against Candida albicans, Torula utilis, and Saccharomyces
cerevisiae. Bacteria are not sensitive.[1]

In vivo. Crude preparations showed antitumor activity. Daily i.p. doses of 10-20 mg/kg inhibited Ehrlich
ascites carcinoma in mice; also active against Yoshida rat sarcoma and subcutaneous solid tumor induced by
Ehrlich carcinoma.[2]

TOXICITY LDsgg in mice, 4.7 mg/kg, i.v.; 43.5 mg/kg, i.p.[1] LD, in mice, 20 mg/kg, s.c. These animals
tolerated daily doses of 10 mg/kg, i.p., for 7 days, and 40 mg/kg for 2 days. There was no necrosis at site of
inoculation following 20 mg/kg/da, s.c., for 10 days.[2]

In vitro. Concentrations of 1 mg/ml did not hemolyze erythrocytes [2] .

65. CARZINOPHILIN

SOURCE Streptomyces sahachiroi, n. sp [1] .
UV ABSORPTION MAXIMA 217, 290 myu'; 285-290 myZ.[1]
SOLUBILITY s. water, alcohols, acetone, butyl acetate, chloroform, benzol; i. petroleum ether.[1]

STABILITY Most stable at pH 7; relatively stable at pH 6-9; unstable below pH 5; thermolabile; unstable in air at
acid pH; stable in H, gas.[1]

{1/ Water. [2/ 30 minutes in 0.1 N HCIl or NaQOH.
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65. CARZINOPHILIN (Concluded)

OTHER REACTIONS Positive xanthoproteic; negative Molisch, Sakaguchi, Fehling, Benedict, ninhydrin, Schiff,
FeCl;, Tollens; no hemolysis; antibacterial activity highest at pH 6-7; serum, KCN, NaZSZO3. CS(NHZ)Z inhibit
activity; glucose, cysteine enhance activity.[1]

QUANTITATIVE DETERMINATION Microbiological: Sarcina lutea [1] .

BIOLOGICAL ACTIVITY [n vitro. Inhibits (ug/ml) Mycobacterium smegmatis, Myco. avium, Myco. phlei,
Micrococcus pyogenes var. aureus, Bacillus subtilis, B. anthracis, Diplococcus pneumoniae, Streptococcus pyog-
enes, Brucella abortus, Br. melitensis, 2.5-10; Vibrio comma, 25; Proteus vulgaris, 50; Pseudomonas
aeruginosa, 100. Nocardia asteroides is sensitive to 10 pg/ml. Resistant, >100 pg/ml: Salmonella spp, Shigella
spp, Candida, Trichophyton interdigitale and other fungi.[1]

In vivo. Antitumor activity in rats against Yoshida sarcoma, Ehrlich carcinoma and ascitic hepatoma
following single i.p. doses of approximately 1 mg/kg [1] . Daily i.p. doses of 2500 units/kg in mice had marked in-
hibitory effect on the following ascites tumors: Sarcoma 180, Ehrlich carcinoma, Krebs 2 carcinoma; there was
little or no effect on solid tumors.[3]

CLINICAL Trials in 36 cases of malignant tumor described in which slight clinical improvement was noted in cer-
tain instances. The antibiotic was administered mainly by the i.v. route.(2]

ACUTE TOXICITY Mice tolerated only 2-3 mg/kg doses by i.v., i.p. or s.c. routes [1].

66. CARZINOPHILIN A

SOURCE Streptomyces sahachiroi, n. sp [1] .

MOLECULAR WEIGHT 900-12001; 800-12002.[1]

CRYSTAL FORM AND COLOR Colorless needles [1] .

MELTING POINT {°C) 217-222 (d.) [1] .

OPTICAL ACTIVITY [a]28 = +57.8°% [1] .

UV ABSORPTION MAXIMA 2% NaHCO3, 218, 250, 283 myu; 0.1 N NaOH, 230, 283 myu; 0.1 N HCI, 216, 250 my;
methanol, 218, 250, 283 my; ethanol, 219, 251, 290 my; ether, 219, 252 mu; acetone, 210, 330 my; chloroform,
270 my; dioxane, 250 mp; benzene, 282 my; ethyl acetate, 255 my; carbon tetrachloride, 262 my; carbon disulfide,

242, 378 my; ethylene dichloride, 255 mpu.[1]

SOLUBILITY s. acetone, chloroform, ethyl acetate, butyl acetate, benzene, dioxane, dilute alkaline water; sl. s.,
or i., methanol, ethanol, ether, carbon tetrachloride, petroleum ether, water.[1]

STABILITY Stable in dry crystalline state; very unstable in aqueous state, especially at non-neutral pH; also
rapidly destroyed by thiourea, thioglycollic acid, cysteine, thioglycerin, methionine, hydroquinone, anthraquinone,
vitamin BZ' chlorophyllin, hydrogen peroxide, formalin; destroyed in aqueous solution by UV.[1]

OTHER REACTIONS Positive Baeyer, xanthoproteic, ninhydrin, Br absorption, 2, 4-dinitrophenylhydrazine,
Neubauer-Rhode, Na 1, 2-naphthoquinone-4-sulfonate, sodium nitroprusside, diphenylamine, anthrone. Infrared
(in CHCl3): 2.78, 2.90, 3.03, 3.30-3.45, 5.80-5.85, 6.10-6.26, 6.45, 6.68, 6.85, 7.10, 7.20, 7.33, 7.50-7.60, 7.82,
7.95-8.20, 8.47, 8.58, 8.89, 9.13-9.30, 9.35, 9.60, 10.44, 10.80, 11.10, 11.30, 11.75, 12.40, 13.2, 13.5 p.[1]
BIOLOGICAL ACTIVITY In vivo. Single i.p. doses of 1-3 pg/kg in rats inhibited Yoshida sarcoma [1] .

TOXICITY LD, in mice, 0.15 mgl/kg, i.v.; LD,, approximately 0.025-0.050 mg/kg.[1]

67. CATENULIN

SOURCE Streptomyces sp [1] .

NATURE Resembles neomycin B [1] . ¢
OPTICAL ACTIVITY [a]25 = +33°* [1] .

UV ABSORPTION End absorption only [1] .

STABILITY Stable in aqueous solution at pH 1.5-10 [1] .

/1/ Rast. [2/ Electroconduction. /3/ In chloroform. /4/ ¢, 1 methanol.
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67. CATENULIN (Concluded)

OTHER REACTIONS Acid hydrolysis yields active fragment identified as neamine. Analysis of benzene sulfonate
salt: C, 50.24, 50.24; H, 5.29, 5.26; N, 10.01, 10.16; S, 8.00, 7.8.[1]

BIOLOGICAL ACTIVITY 1n vitro. Active against Mycobacterium tuberculosis (including streptomycin-resistant
strains) [1] .  Inhibited Myco. ranae at 2 pg/ml [3] .

ACUTE TOXICITY LD
mg/kg.[1]

50 in mice, 125 mg/kg, i.v. Neurotoxicity in cats following repeated daily doses of 100

PHYTOTOXICITY Highly toxic to duckweed plant (Lemna minor) at 1 ppm in tissue culture [2] .

MISCELLANEQUS Growth of wheat roots in tap water (but not in distilled water) was stimulated by addition of 0.1
ppm of antibiotic [4] .

68. CELESTICETIN

SOURCE Streptomyces caelestis, n. sp, resembling S. glaucous [1] .
NATURE Basic [2].

MOLECULAR FORMULA AND WEIGHT C,,H OgN, S (suggested); 517 + 20 (equiv. wt. found; 490-537% (2]

24 736-40 2

CRYSTAL FORM AND COLOR Oxalate: white needles. Free base: amorphous, hygroscopic white glass.[2]
MELTING POINT (°C) Oxalate: 147-152. sSalicylate: 139.[2]

OPTICAL ACTIVITY Oxalate: [a]22 = +106.69%, +105.89%, Salicylate: [a]22 = +90.29%, +99.0°%,  Free base:
[a]28 = +126.6°%.[2]

UV ABSORPTION MAXIMA 248, 341 m|.|.5; 240, 310 mpé.[z]

SOLUBILITY s. acidic, strongly basic solutions, more polar organic solvents; i. water at pH 7-10, ether, light
hydrocarbons.[2]

STABILITY Stable at room temperature in aqueous solution at pH 5-7; unstable above pH 9; more stable in acid
than in base, but unstable in 1 N HCI at 1000C.[2]

OTHER REACTIONS Infrared (in CHCl3): 1670, 1645, 1614, 1584, 1517, 1486, 1462, 1390, 1324, 1300, 1250,
1210, 1157, 1136, 1085, 1046, 985, 957, 924, 900, 859, 850 (recip. cm); pK', 7.7, 9.8; positive FeCl3, Molisch,
Ekkert; white precipitates with Br water, Millon, HgCl,; not precipitated by AgNO3, lead acetate; negative Benedict,
ninhydrin, iodoform; negative nitroprusside becoming positive after several days in 6 N HCI; no reaction with Br
in CCl,.[2]

4

QUANTITATIVE DETERMINATION Microbiological: Bacillus subtilis [1] .

BIOLOGICAL ACTIVITY Invitro. Active against Gram-positive bacteria. Inhibits (ug/ml) Streptococcus
hemolyticus, 0.2-3.1; Str. agalactiae, 0.8-1.5; Str. dysgalactiae, 0.8; Str. viridans, 1.5-12.5; Str. faecalis, 2.5-
6.2; Diplococcus pneumoniae, 0.2-3.9; Micrococcus pyogenes var. aureus, 0.2-12.5; Clostridium novyi, 0.4; Cl.
sporogenes, Str. mitis, 6.2. lnactive, >100 ng/ml: Hemophilus influenzae, Neisseria meningitidis, Escherichia
coli, Proteus vulgaris, Klebsiella pneumoniae, Salmonella spp, Shigella spp, and Mycobacterium tuberculosis.
Phytopathogens {(ug/ml): Bacterium stewartii, Phytomonas fascians, and Xanthomonas pruni sensitive to 0.5.
Erwinia carotovora, Agrobacterium tumefaciens not inhibited by 50 pg/ml. Inhibits Nocardia asteroides at 500
ug/ml. Fungi are resistant, >,000 pg/ml: Blastomyces dermatitidis, Coccidioides immitis, Hormodendrum
compactum, Histoplasma capsulatum, Microsporum audouini, Candida albicans, Saccharomyces cerevisiae. In
vitro action bacteriostatic; bactericidal at higher concentrations. Sensitivity increased with increasing pH.
Activity not affected by serum, cysteine, methionine, or penicillinase.[l] Resistance did not develop readily but
followed a stepwise pattern. No cross resistance with other antibiotics with the exception of erythromycin.

In vivo. Good protection in mice infected with Str. pyogenes and M. pyogenes var. aureus; slight activity
against D. pneumoniae. No activity in infections with Salmonella typhosa, S. paratyphi, K. pneumoniae and Myco.
tuberculosis. lnactive against viruses of Newcastle disease and influenza in ovo.[1]

PHYTOTOXICITY Concentrations of 1000 ppm non-toxic to foliage of apple, pear, and cherry trees [1] .

/1/ Calculated from rotation in HCl. /2/ Water. /3/ 1 N HCIL. [4/ Chloroform, c, 0.5 inall. /5/ In0.01 N
alcoholic KOH. /6/ 1n 0.01 N alcoholic HZSO4.
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69. CEPHALOSPORIN C

SOURCE Cephalosporium sp [1] .
NATURE Mono-aminodicarboxylic acid [1] .

MOLECULAR FORMULA AND WEIGHT C, H, O N,SNa2H,0'. Nasalt: 480215 (equiv. wt., titr.); 470415 (mol.
wt., X ray).[1, 3] i E

CRYSTAL FORM Na salt: monoclinic [1, 3] .

OPTICAL ACTIVITY Na salt: [a]20 = +103°[1,3].

UV ABSORPTION MAXIMUM 260 my [1,3] .

STABILITY Stable in aqueous solution at pH 2.5, room temperature; rapidly inactivated at pH 12.[1, 3]

OTHER REACTIONS Infrared of Na salt: 2.94, 3.06, 5.61, 5.77, 6.05, 6.29, 6.57, 7.17, 7.36 u; pK values 3.1,
<2.6, 9.8; not inactivated by penicillinase per se; positive ninhydrin; isolated from crude preparations of cephalo-
sporin N; acid hydrolysis yields 1 mole of CO; and p-a-aminoadipic acid; a-amino and a-carboxyl groups are free;
carbon skeleton of penicillamine in molecule, but not liberated on acid hydrolysis; hydrogenolysis with Raney nickel,
followed by hydrolysis, yields an amino acid-like valine.[1] Negative nitroprusside; equal activity against
Salmonella typhosa and Micrococcus pyogenes var. aureus, but 1/10 as active as cephalosporin N; heavy black pre-
cipitate with sodium plumbite in 50% NaOH at room temperature.[3, 4]

BIOLOGICAL ACTIVITY In vitro. Inhibits (ug/ml) Neisseria meningitidis, N. gonorrhoeae, Hemophilus pertussis,
1.6; Micrococcus pyogenes var. aureus (including strains resistant to penicillin G), 12.5-400; Streptococcus pyog-
enes, Bacillus anthracis, Salmonella typhosa, S. schottmuelleri, 25; S. typhimurium, Klebsiella pneumoniae,
Vibrio comma, 50; Escherichia coli, 200. [2] Less active than cephalosporin N [1] .

In vivo. Multiple s.c. doses of 25-50 mg /kg protected mice against infection with Str. pyogenes; oral doses
of 100 mg/kg were without effect.[2]

PHARMACOLOGY Very low toxicity; mice tolerated i.v. doses as high as 5000 mg/kg. Absorbed into blood
following s.c. injection; poorly absorbed from gastrointestinal tract [2] .

70. CEPHALOSPORIN N
(Synnematin B) [7]

SOURCE Cephalosporium sp [1] .
NATURE A hydrophylic penicillin [1, 3] .

MOLECULAR FORMULA C14H21N3065 [5] .

STRUCTURE
(CH3)2'C =——CHCOOH
| |

S, N
NN\
CH CO
\C/
H NH
] /e
NH'CO-CHZ-CHZ'CHZ'CH

OOH (5]
CRYSTAL FORM AND COLOR Ba salt: white powder [4] .
OPTICAL ACTIVITY Ba salt: [n]zno = +187°2 [4] .
SOLUBILITY i. most organic solvents [1,3] . Ba salt: s. water; sl. s. methanol; i. ethanol. [4]

STABILITY Unstable at room temperature below pH 4 and above 9; unstable at pH 7 in presence of heavy metal
ions.[1, 5]

OTHER REACTIONS Inactivated by penicillinase; acid hydrolysis and further decomposition eventually forms a
penicillamine (B-thiovaline); yields p-a-aminoadipic acid on hydrolysis; forms a dinitrophenyl derivative with
fluorodinitrobenzene; penicillin W is very similar in nature.[1-3]

/1/ Provisional formula for crystalline sodium salt hydrate. /2/ c, 0.6 water.
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70. CEPHALOSPORIN N {(Concluded)

QUANTITATIVE DETERMINATION Chemical: COZ; hydroxylamine; iodine. Penicillinase.[4]

BIOLOGICAL ACTIVITY In vitro. Inhibits Gram-positive and Gram-negative bacteria at 5-10 pg/ml: Strepto-
coccus pyogenes, Salmonella typhosa, S. typhimurium, S. enteritidis, S. schottmuelleri, Klebsiella pneumoniae,
Bacillus subtilis, Vibrio comma, Corynebacterium ovis, Listeria monocytogenes, Brucella abortus, Micrococcus
pyogenes var. aureus, Sarcina lutea, Str. viridans, Diplococcus pneumoniae, Neisseria meningitidis, N.
gonorrhoeae, Pasteurella multocida, Hemophilus pertussis, Clostridium perfringens, Cl. tetani, Cl. septicum.

At >40 pg/ml: penicillin-resistant M. pyogenes var. aureus, Mycobacterium tuberculosis. Action is essentially
bactericidal. Cross resistance between this antibiotic and penicillin demonstrated with M. pyogenes var. aureus.[6]

PHARMACOLOGY Mice tolerated i.v. doses of 2000 mg/kg. Toxicity for mice, i.v., or rabbits, intracisternally,
was less than that of penicillin. General behavior is like that of penicillin, but cephalosporin N is more slowly ab-
sorbed from the intestine and excreted at a lower rate. Following i.v. doses in rabbits, serum levels were higher
than those obtained with an equimolar dose of penicillin. Cephalosporin N is destroyed like penicillin in the
stomach by gastric juice and in the intestine by penicillinase-producing bacteria.[6]

71. CEPHALOSPORIN P SERIES

SOURCE Cephalosporium sp (2] .

NATURE Acidic substances (2] .

MOLECULAR WEIGHT Cephalosporin P : 580 (equiv. wt.) {2]; 601 + 16 (X ray) (4] .
STRUCTURE  Cephalosporin P,: Has a polycyclic hydroaromatic structure [2].

CRYSTAL FORM AND COLOR Cephalosporin Pl: needles.
P3: white, greasy amorphous solid.
P4: light fawn-colored crystals.[2]

MELTING POINT (°C) Cephalosporin P: 147.
P,: 151,
Py 220-230.[2]

OPTICAL ACTIVITY Cephalosporin P: [a], = +28° (2] .
UV ABSORPTION MAXIMUM 211 my [4] .

SOLUBILITY Cephalosporin P;: s. most organic solvents; sl. s. petroleum ether, water.
PZ: s. ethanol, acetone, butyl acetate; less s. diisopropyl ether, benzene.
P3: s. most organic solvents; sl. s. water.
P4 s. acetone; sl. s. water, ether.[2]

STABILITY All thermolabile.
Cephalosporin Pj: Unstable at alkaline pH.
P3:  Less stable than P; and PZ; inactivated in air.
P4: Stable at room'temperature.[1, 2]

OTHER REACTIONS Inactivated by an impurity associated with penicillinase; not inactivated by heavy metals or
cysteine;, some resemblance to helvolic acid; associated with cephalosporin N.

Cephalosporin P analysis: C, 65.8; H, 9.0; C-CHj3, 12.1; acetyl, 16.8; active H, 0.6. Yellow color with
tetranitromethane in chloroform; positive Liebermann-Burchard, Salkowski; negative FeCl;, Tollens, Legal,
Rosenheim, Tortelli-Jaffé.[2, 4]

PZ analysis: C, 65.25; H, 8.5; C-CHj, 9.4; OCH3, 5.8; acetyl, 18.8; active H, 0.8.[2]

QUANTITATIVE DETERMINATION Microbiological: Micrococcus pyogenes var. albus, or var. aureus [1, 2] .

BIOLOGICAL ACTIVITY In vitro. Inhibits Corynebacterium xerose, Mycobacterium phlei, M. pyogenes var.
aureus, Streptococcus sp, Bacillus anthracis, B. mesentericus, Sarcina sp, Str. lactis, Pasteurella sp, Salmonella
spp. Inactive against Pseudomonas aeruginosa, Serratia marcescens, Escherichia coli.[l] Activity of P, almost
twice that of helvolic acid against M. pyogenes var. aureus. M. pyogenes var. aureus developed cross resistance
to cephalosporin P) and helvolic acid.[2]

In vivo. Cephalosporin P): Inactive against mouse infections with M. pyogenes var. aureus. Substantial
blood concentrations noted in mice following s.c. administration.[3]

TOXICITY Cephalosporin P;: Toxic at approximately 500 mg/kg, i.v., in mice [3] .
1 Y
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72. CEPHALOTHECIN

SOURCE Cephalothecium sp [1] .

MELTING POINT (°C) 124-126 (d.) [1] .

SOLUBILITY s. alcohols, acetone-ether, chloroform; sl. s. water. [1]

STABILITY Thermostable [1].

OTHER REACTIONS No halogen, S, N, P [1].

BIOLOGICAL ACTIVITY Antifungal activity in vitro [1].

PHYTOPATHOLOGY Rice plants treated with the antibiotic resisted infection with Piricularia oryzae, the agent of

rice blast. The addition of cephalothecin inhibited growth of the fungus and the absorption of ammonium ions from
the culture solution, suggesting a relation between these two phenomena.[2]

73. CEREVIOCCIDIN

SOURCE Streptomyces sp resembling S. cacaoi [1] .

MOLECULAR FORMULA AND WEIGHT C 420 (Rast); 437 (calc.) [1] .

22H39N504
CRYSTAL FORM AND COLOR Colorless needles [1] .
MELTING POINT (°C) 249-250 (d.) [1] .

UV ABSORPTION MAXIMA None [1].

SOLUBILITY s. methanol; sl. s. water; i. ethanol, acetone, ethyl acetate, ether, chloroform, benzene [1] .
OTHER REACTIONS Sublimes at 217-2180. but sublimate is decomposition product; positive Janovsky; negative
Tollens, biuret, Fehling, ninhydrin, Sakaguchi, maltol, glucosamine; another component also active only against
yeasts is obtained in culture fluids in greater quantity, but only thus far purified as a syrup [1] .
QUANTITATIVE DETERMINATION Microbiological: yeasts [1].

BIOLOGICAL ACTIVITY In vitro. Inhibits yeasts (ug/ml): Saccharomyces cerevisiae, Sac. fragilis, Sac.
pastorianus, Sac. saké, Zygosaccharomyces major, Hansenula anomala, Torula utilis, 3; Schizosaccharomyces

pomb, 25. Candida albicans, Aspergillus niger, and bacteria (Micrococcus pyogenes var. aureus, Escherichia coli,
and Mycobacterium tuberculosis) not sensitive to 10 pg/ml.[1]

74. CHARTREUSIN

SOURCE Streptomyces chartreusis, n. sp [1] .

MOLECULAR FORMULA AND WEIGHT C, H O, -2H,O (proposed); 357 (Rast); 362.32 (calc.).[1]

CRYSTAL FORM AND COLOR Greenish-yellow crystals. Na salt: golden-colored needles or plates.[1]
MELTING POINT (°C) 180 [1] .

SOLUBILITY s. organic solvents [1] .

STABILITY Stable at pH 2-10; unstable at pH 2 or 10 with prolonged heating.[1]

OTHER REACTIONS Na salt soluble in water (20 mg/ml) at pH 9.5, but acid precipitates below pH 9 or on ex-
posure to COZ; crystals fluoresce.[1]

QUANTITATIVE DETERMINATION Microbiological: Micrococcus pyogenes var. aureus phagel [1].

BIOLOGICAL ACTIVITY In vitro. Inhibits (pg/ml) Corynebacterium fascians, 0.1; Hemophilus pertussis, 0.25;
Xanthomonas campestris, 0.5; Streptococcus pyogenes, 1; Mycobacterium tuberculosis, 1.7-2.0; Myco. avium, 1-2.5;
Bacillus brevis, Myco. phlei, Myco. ranae, Sarcina lutea, M. pyogenes var. albus, 2.5; C. diphtheroides,
Erysipelothrix rhusiopathiae, Myco. smegmatis, Neisseria catarrhalis, 5; B. cereus, B. subtilis, Lactobacillus
casei, M. pyogenes var. aureus, Str. viridans, 10; X. pruni, 25; Str. lactis, Klebsiella pneumoniae, 100; Aerobacter
aerogenes, Agrobacterium tumefaciens, Erwinia carotovora, Brucella bronchiseptica, Escherichia coli, Proteus

/1/ Fumagillin method.
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74. CHARTREUSIN (Concluded)

vulgaris, Pseudomonas spp, Serratia marcescens, Shigella sonnei, Salmonella spp, >100. Nocardia asteroides in-
hibited by 10 pg/ml. Geotrichum sp, Hormodendrum compactum, Cryptococcus neoformans, Sporotrichum schenckii,
and Candida albicans not sensitive to 1000 pg/ml. Active against bacteriophages of Escherichia coli, Bacillus
cereus, M. pyogenes var. aureus.[l1, 2]

ACUTE TOXICITY Mice tolerated 2500 mg/kg, s.c. LD, in mice (Na salt), 250 mg/kg, i.v.[1]

75. CHARTREUSIN-LIKE ANTIBIOTIC

SOURCE Streptomyces sp [1] .

NATURE Glucoside; weakly acidic.[1]

MOLECULAR FORMULA C3ZH34O14 [1].

MELTING POINT (°C) 186-187 [1].

UV ABSORPTION MAXIMA 236, 266, 334, 381, 401, 424 myu (1] .

SOLUBILITY Slowly s. in saturated NaHCO3 solution; more s. in dilute acid than in water.[1]

STABILITY Rapidly inactivated at room temperature [1] .

OTHER REACTIONS Yellow-green color with alcoholic FeClj solution; on heating above the melting point, it under-
goes decomposition and separates into aglycone needle-like crystals; not reduced by hydrogen in presence of Pt at
room temperature and normal pressure; no reaction with ketones; sublimates at about 260" C; negative test for

flavonols; acid hydrolysate gives positive Molisch and reduces ammoniacal AgNO3.[l]

BIOLOGICAL ACTIVITY In vitro. Inhibits Gram-positive bacteria, including mycobacteria [1] .

76. CHETOMIN
{Chaetomin)

SOURCE Chaetomiuin cochlioides [1] .

NATURE Probably neutral [2] .

MOLECULAR FORMULA AND WEIGHT c16H1704N352 (proposed); 310 (ethylene bromide).[2]
FORM AND COLOR White, non-crystalline powder [2] .

MELTING POINT (°C) 215, 218-220 (d.) [1,2] .

OPTICAL ACTIVITY [a}22 = +360°" [2] .

UV ABSORPTION MAXIMUM 287 myu [2] .

SOLUBILITY s. acetone, ethyl acetate, chloroform, benzene, dioxane, pyridine; less s. ether, methanol, ethanol;
i. water, petroleum ether.[1]

STABILITY Thermostable; stable to dilute acid but not alkalies.[1]

OTHER REACTIONS Not precipitated by picric acid, HgCl,; no amino N; positive indole, Hopkins-Cole; negative
biuret, Millon; inactivated by oxidizing agents, alkalies, hot acids; forms lead sulfide with sodium plumbite.[1, 2]

QUANTITATIVE DETERMINATION Microbiological: Bacillus subtilis, Micrococcus pyogenes var. aureus [1] .

BIOLOGICAL ACTIVITY In vitro. Active against Gram-positive bacteria. Inhibits Micrococcus spp, Sarcina lutea,

Bacillus spp, including B. subtilis in dilution of 1:30,000-1:200,000. M. pyogenes var. .aureus very sensitive, in-

hibited by 0.002 ug/ml. Mycobacterium tuberculosis sensitive to 1:3000; Myco. phlei, 1:20,000; Phytomonas

michiganensis, P. pruni, and P. phaseoli, 1:200,000.[1,3] No activity against fungi and Gram-negative bacteria (4] .
In vivo. Inactive [3] .

TOXICITY Low toxicity in animals [2] .

/1/ ¢, 1 chloroform.
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77. CHLAMYDOSPORIN

SOURCE Fusarium sp [1] .

BIOLOGICAL ACTIVITY In vitro. Active against phytopathogens (ug/ml): Agrobacterium tumefaciens at 50;
Xanthomonas malvacearum, 0.8. Active against human and animal pathogens {(ug/ml): Bacillus anthracis, B.
mesentericus, 0.2; B. mycoides, 0.4; Brucella abortus, 5.0; Br. suis, 0.9; Micrococcus pyogenes var. aureus, 0.3;
Corynebacterium diphtheriae, Sarcina lutea, Mycobacterium tuberculosis, 7.5-10; Neisseria meningitidis, Strepto-
coccus lactis, 4; N. gonorrhoeae, 10; N. catarrhalis, Clostridium septicum, Cl. perfringens, Cl. sporogenes, Str.
hemolyticus, 2.[1]

78. CHLORAMPHENICOL
The trademark of Parke, Davis & Company for chloramphenicol is Chloromycetin.

SOURCE Streptomyces venezuelae [1] ; by synthesis [99, 100] .

NATURE Neutral [1,4,5,8].

MOLECULAR FORMULA AND WEIGHT C, H ,O.N,Cl, [3,4]; 310 (Rast); 323 (calc.).[4]
STRUCTURE

NI-ICOCHCIz

H |

OZN CIJ-SI-CHZ OH
O
H

CRYSTAL FORM AND COLOR Colorless, elongated plates or fine needles [1,2,8] .

[4, 5]

MELTING POINT (°C) 149.7-150.7 (corr.) [1-4,8] .
OPTICAL ACTIVITY [a]25 = -25.59'[1,4,8] , +19°% [4].
UV ABSORPTION MAXIMUM 278 my [2, 4, 8] .

SOLUBILITY s. propylene glycol, methanol, ethanol, butanol, ethyl acetate, acetone, diethyl ether; sl. s. chloro-
form, water, alkali; i. acid, benzene, petroleum ether, vegetable oils.[1,2,4, 5, 8]

STABILITY Thermostable; alkali labile.[1-3, 8]

OTHER REACTIONS Chlorine non-ionic; negative FeClj, Sakaguchi, Pauly, Molisch, biuret, Benedict; not hydro-
lyzed by papaine, trypsin, chymotrypsin, pepsin; hydrolyzed by some bacterial enzymes.[2, 3, 6, 8]

QUANTITATIVE DETERMINATION Microbiological: Shigella spp, Bacillus subtilis [2,3,7,8] . Colorimetric [9] .

BIOLOGICAL ACTIVITY A broad spectrum antibiotic active against Gram-positive and Gram-negative bacteria,
rickettsiae and larger viruses; no activity gainst fungi. In vitro. In general, most strains of the following bacteria
are sensitive to 0.06-6.0 ng/ml: Aerobacter aerogenes, Alcaligenes faecalis, B. subtilis, B. mycoides, B. anthracis,
Brucella abortus, Br. bronchiseptica, Br. suis, Br. melitensis, Corynebacterium diphtheriae, C. pyogenes, Diplo-
coccus pneumoniae, Escherichia coli, Gaffkya tetragena, Hemophilus influenzae, H. pertussis, Klebsiella pneu-
moniae, Micrococcus pyogenes var. aureus, Mycobacterium leprae, Neisseria catarrhalis, N. meningitidis, N.
gonorrhoeae, Pasteurella multocida, Salmonella typhosa, Salmonella spp, Sh. dysenteriae, Shigella spp, Strepto-
coccus pyogenes, Stpretococcus spp, Vibrio comma. Most strains of the following are generally less sensitive or
resistant, 10-25 ug/ml or more: Proteus vulgaris, Proteus spp, Clostridium spp, Pseudomonas aeruginosa,
Malleomyces mallei, Myco. tuberculosis, Mycobacterium spp, pleuropneumonia-like organisms. Inhibition {(ug/ml)
of Actinomyces bovis, 5; Nocardia asteroides, 20. Spirochetes and protozoa: Borrelia recurrentis, 2.5-10; B.
novyi, 10-50; Entamoeba histolytica, 125-1500; Trichomonas foetus, 2000.[10-18] Concentrations of 2 mg/ml had
no effect on the virus of herpes simplex [69] . Inhibited H. aegyptius {a cause of conjunctivitis in man) at 0.2-1.6
pg/ml; also active against this agent in chick embryo [70] .

In vivo. S. c. treatment protected mice infected with K. pneumoniae and Sh. paradysenteriae; no protection
against D. pneumoniae, Str. pyogenes and Str. viridans except slight activity with higher doses of >80 mg/kg.[19, 20]
Relatively low doses showed high activity in mice infected with Past. pestis and Past. multocida; no activity displayed
against infections with B. anthracis, Listeria monocytogenes and Erysipelothrix rhusiopathiae.[28,31] High protec-
tion in chicks treated with 30 mg/kg/da i.p. doses against Salmonella gallinarum [31] , but relatively low activity in
mice infected with S. typhosa [32] . Good protection against Borrelia novyi and V. comma following i.p. or drug-diet

/1/ Ethyl acetate. /2/ Ethanol.
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78. CHLORAMPHENICOL (Continued)

treatment (21, 22] . A transient suppressive action against Entamoeba histolytica noted in dogs, but larger doses of
700-1000 mg/kg/da in the diet were ineffective in cecal amebiasis in rats [23] . Prolonged survival time in mouse
infections with Toxoplasma gondii when 1-2% was incorporated in the diet [24] . Little or no effect in experimental
animals infected with Myco. tuberculosis, Leptospira icterohemorrhagiae, and a limited protection against Trepone-
ma pallidum in rabbits [10,19,25,33] . Active against Plasmodium berghei in mice, P. gallinaceum and Borrelia
anserina in chicks when relatively large doses were administered [26,27] . In mice or in embryonated eggs, anti-
biotic was highly active against rickettsiae of epidemic, murine and scrub typhus, rickettsialpox, Rocky Mt. spotted
fever, Q fever, and against the viruses of lymphogranuloma venereum and psittacosis. The following viruses were
not affected: vaccinia, variola, St. Louis encephalitis, Japanese encephalitis, rabies, mumps, poliomyelitis, in-
fluenza A and B, lymphocytic choriomeningitis, eastern and western equine encephalitis, distemper, fowl laryngo-
tracheitis, Newcastle disease and Theiler's intestinal virus.[10,19,29] Showed an adverse effect on experimental
pinworm infestation; daily oral doses of 500 mg/kg in mice increased the worm burden approximately 2-fold [38] .
Daily i.p. doses of 500 mg/kg had little or no inhibitory effect on several ascites and solid tumors in mice [78,79] .
An antitumor effect was observed when 3% chloramphenicol was added to sarcoma I or sarcoma 180 suspension im-
mediately before inoculation (a dose of 4.5 mg of antibiotic per animal), or when a 30-mg pellet was implanted sub-
cutaneously one day after inoculation of the tumor into mice via the same route; under these conditions the growth
rate of tumors was reduced and survival time of animals was prolonged.[80] Daily doses of 0.4-1 mg/ml in drink-
ing water effectively controlled experimental air-borne mouse pneumonitis virus infections in mice [71] .

CLINICAL This broad spectrum antibiotic has established clinical usefulness in a wide variety of infections

caused by susceptible microorganisms, and is especially valuable against Gram-negative infections, and the
rickettsioses. Initial oral doses of 50-75 mg/kg, followed by 0.25 g every 2-3 hours, are usually recommended
with larger doses (0.5 g) in severe infections.[30] Oral therapy with doses of 25-150 mg/kg/da, or parenteral ad-
ministration in variable dosages, gave favorable results in typhoid fever, bacillary dysentery, cholera, gonorrhoea,
chancroid, lymphogranuloma venereum, granuloma inguinale, urinary and intestinal tract infections caused by sus-
ceptible organisms, various surgical infections, bacterial pneumonia, epidemic and scrub typhus, Rocky Mt. spotted
fever, Q fever, psittacosis, brucellosis, tularemia [34-37,49]. Favorable results have also been reported in
primary atypical pneumonia [39] , syphilis [40] , relapsing fever [41] ,Carrion's disease (bartonellosis) [42] , non-
specific urethritis [43] , smallpox [44] , yaws and tropical ulcer [56] . Oral, plus i.v., medication has been bene-
ficial in meningitis caused by N. meningitidis, H. influenzae and D. pneumoniae [45] . Total oral doses of 2.5-24.75
g over periods of 2-7 days were effective in the treatment of cases of anthrax infection in man [84] . Oral therapy
with this or other broad spectrum antibiotics did not influence the course of herpes simplex, plantar warts, lichen
planus, dermatitis herpetiformis, or discoid eczema [73] .

Topical use of 0.5-1% in ointment base was effective in the treatment of trachoma [72] . Topical therapy has
given good clinical response in ocular infections caused by susceptible microorganisms [34] . In experimental
chancroid induced in human volunteers by intradermal injection of cultures of H. ducreyi, the topical application of
1% chloramphenicol rapidly sterilized lesions which had developed and was also effective in prophylaxis of these
lesions, in contrast to penicillin and chlortetracycline which were ineffective [82] . Valuable in prophylaxis and
therapy of septic peritonitis and in prevention of infections which may develop in other parts of the body, e.g., com-
plications of colon surgery [96] . Like other antibiotics, chloramphenicol was of no value in the treatment of Reiter's
syndrome [98] . The antibiotic has been injected intrathecally with good results in cases of staphylococcal menin-
gitis resistant to penicillin and streptomycin [ 97] . Despite a number of favorable reports, the direct value of this
and other broad-spectrum antibioti¢s in pertussis, infectious mononucleosis, herpes zoster, and leptospirosis has
been questioned [46] . Chloramphenicol is considered the antibiotic of choice in typhoid fever [30, 35, 47] .

VETERINARY Intramuscular therap)'r with 1 g/da for 2-3 days in calves was beneficial in control of shipping fever
(hemorrhagic septicemia) [92] . Oral doses of 500 mg daily for 4 days prevented ''scours complex' associated with
Salmonella bredeny infection in calves [93] . Intramuscular doses of 25-35 mg/kg daily for 3 days successfully con-
trolled virus pneumonia in pigs [94] . Useful in a wide variety of infections, e.g., diarrhea of calves, colts, and
lambs, and conjunctivitis, keratitis, and gastroenteritis in dogs. Variable results in distemper complex [48] . Pre-
liminary trial with 0.25-0.5% in feed suggests value in infectious sinusitis of turkeys [50] . 1-2 g/lb of feed gave
excellent protection against artificially-induced fowl typhoid (S. gallinarum) in chickens [74] . 10% solutions in
propylene glyc¢ol or methanol highly effective when topically used in foot rot in sheep [75] . Preliminary trials in-
dicate oral medication of value in controlling contagious pleuropneumonia in goats [76] .

PHYTOPATHOLOGY Levels of 4-125 ug/ml inhibited development of crown gall disease in tomato plants induced
with Agrobacterium tumefaciens [89] . Concentrations of 25-50 ug/ml increased resistance of wheat seedlings to
infection with Xanthomonas translucens {90] .

TISSUE CULTURE Proliferation of fibroblasts and epithelial cells retarded by concentrations of 10 ug/ml; com-
pletely inhibited by 1000 ug/ml. [57] Growth of skin tissue inhibited by 550-830 ug/ml, spleen tissue by 1665-
3330 ug/ml [58] .

ACUTE TOXICITY LD, in mice, 245 mg/kg, i.v.; 1320 mg/kg, i.p.; 2640 mg/kg, oral. LDgg in rats, 171-278
mg/kg, i.v.; in rabbits, Pl7 mg/kg, i.v. LD50 in dogs, 150 mg/kg, i.v.; >101 mg/kg, i.m.; >300 mg/kg, oral.
[5,19]
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78. CHLORAMPHENICOL (Concluded)

In vitro. Concentrations of 1.0-6.1 x 10~3 molar significantly inhibited respiration of human leuckocytes;
similar concentrations of penicillin, streptomycin, and the tetracycline antibiotics, had little or no effect on oxygen
uptake.[81]

CHRONIC TOXICITY Mice tolerated for 2 weeks 385 mg/kg/da in diet, 100 mg/kg, s.c., and 250 mg/kg, i.p. Dogs
tolerated daily oral doses of >200 mg/kg for over 4 months, or daily i.v. doses of 25-50 mg/kg. No cumulative toxic
effect observed on hemopoiesis, liver and kidney function or visceral tissues.[5]

In man, oral doses of 1-2 g/da for 10 days or more were well tolerated. Side reactions, e.g., nausea,
headache, skin eruptions and enteritic symptoms, have been relatively rare and relatively minor.[51-53] 1n rare
instances, certain disorders of the hemopoietic system, including aplastic anemia, have been ascribed to medica-
tion with this antibiotic, particularly after prolonged dosage [54,55] . An occasional side effect, also occurring with
other orally administered antibiotics, is stomatitis; secondary infections with yeast-like organisms have occurred,
particularly in the peri-anal region and on the mucous surfaces of the vagina and lower rectum.[30] Continued
topical use of dermatological preparations containing 1% of the antibiotic, is associated with a relatively low index
of sensitization in contrast to penicillin, streptomcyin, and the sulfonamide drugs [83] .

ABSORPTION AND EXCRETION Readily absorbed following parenteral and oral administration and found in blood,
urine, bile, and cerebrospinal fluid 2 hours after dosage in animals; disappeared within 4-6 hours after i.v., and
12-16 hours after oral, administration. S.c. doses of 100 mg/kg given twice daily produced blood concentrations of
11 pg/ml and 60 pg/ml urine levels in mice. Urinary excretion persisted for over a 24-hour period, with a recovery
of 3.5-8.7% of the total dosage.[5,19] In man, initial oral doses of 2.0 g, followed by 0.5 g 8 hours later, produced
blood levels of 9-13 pg/ml in 2 hours, levelling off to 5 pg/ml at 8 hours, with subtherapeutic concentrations there-
after. About 10% of the oral dose of the antibiotic was recovered as such in the urine during the first 24 hours; the
bulk of the antibiotic is excreted as inactive nitro compounds.[59,60] Following oral administration, it diffuses

into the spinal fluid and also through the placenta. Chloramphenicol is absorbed into the circulation following rectal
administration in infants.[61]

RESISTANCE Resistant variants do not develop readily. Some Gran-negative bacteria developed 2 to 50-fold re-
sistance after 7-12 subcultures in antibiotic-containing media. Thus far, no resistant strains of rickettsiae have
been developed.[10,29] Relatively few strains of bacteria show developed cross resistance between chloramphenicol
and other antibiotics [62] .

MODE OF ACTION Bacteriostatic levels (1-5 pg/ml) inhibited protein synthesis in M. pyogenes var. aureus, but
fermentation, respiration, free glutamic acid accumulation, and nucleic acid synthesis were depressed only by
much higher concentrations of the antibiotic [85] . Growth inhibitory activity of 1 pg/ml concentrations against
Escherichia coli was completely reversed by addition of 500 pg/ml of phenylalanine to culture medium, but this re-
versal did not occur with higher concentrations (2 pg/m1l) of the antibiotic. Similar results were obtained with
tryptophan and tyrosine.[86] Several species of bacteria which are sensitive to the antibiotic reduce the nitro group
of chloramphenicol to the corresponding arylamine which is devoid of antimicrobial activity [87] . The antibiotic
inhibits oxidation of succinate, fumarate, malate, and a-ketoglutarate by intact and crushed cells of Pseudomonas
fluorescens, butnot of oxalacetate, pyruvate, lactate, aspartate, and citrate [95] . Inhibits bacterial esterases of
E. coli [65] . Has been suggested that a mode of action may be that of interference with bacterial synthesis of in-
dole from anthranilic acid [66] . Addition of antibiotic to growing cultures of E. coli abruptly interrupts synthesis
of proteins, but not that of nucleic acids [67] . When fed to rats, chloramphenicol decreases xanthine oxidase of
liver, but has no effect on intestinal xanthine oxidase [68] .

ANIMAL NUTRITION Of slight or questionable value in the growth promotion of pigs [63] . Little or no effect on
growth of chicks as compared with marked effect of other antibiotics [64] .

MISCELLANEOUS Following exposure to 2 mg/ml of antibiotic, the kappa particles were eliminated fromthe cyto-
plasm of "killer* strains of Paramecium aurelia [77] . Relatively high levels of chloramphenicol (300-500 mg per
14 1b of wheat) and certain other antibiotics were lethal to several varieties of coleopterous stored-grain insects
within 30-60 days [88] . Like streptomycin and penicillic acid, the antibiotic inhibits carotenoid synthesis in the
non-photosynthetic organism, Phycomyces blakesleeanus [91] .

79. CHLORORAPHIN

SOURCE Chromobacterium sp [1] .
NATURE Green pigment [2] .

MOLECULAR FORMULA C28H2002N6 or C13H100N3 [1-3].

WADC TR 55-16 48



79. CHLORORAPHIN (Concluded)

STRUCTURE CONHZ

zZm

Probable (3] .
CRYSTAL COLOR Green crystals [3] .
MELTING POINT (°C) 225-230 (d.) [2] .
SOLUBILITY sl. s. alcohol; i. chloroform, benzene, petroleum ether, aqueous acids and alkalies.[3]

BIOLOGICAL ACTIVITY In vitro. Inhibits hemolytic streptococcus at 100 pg/ml. Inactive against Micrococcus
pyogenes var. aureus and Gram-negative bacteria (>100 pg/m1I).[1]

80. CHLORTETRACYCLINE
The trademark of Lederle Laboratories Division, American Cyanamid Company, for chlortetracycline is Aureomycin.

“~
SOURCE Streptomyces aureofaciens, n. sp [9] .

NATURE Amphoteric [1,2] .
MOLECULAR FORMULA C22H23CIN208 [4, 176]) .

STRUCTURE

Cl CH3 OH N(CH312

H [4,176)
CRYSTAL FORM AND COLOR Base: acicular to bladed, small. HCl: rhomboid; clear vitreous lemon-yellow.[2]
MELTING POINT (°C) Base: 168-169 (uncorr.) [1] . HCl: d. above 210 [2] .
OPTICAL ACTIVITY Base: [a)2] =-274.9°'. HcCL [a)?3 = -295.9°), -227.9°.1, 2]
UV ABSORPTION MAXIMA HCIl: 365, 264, 226 mp3; 370, 265, 251, 229 mp4; 276, 248, 240, 223 mps.[Z]

SOLUBILITY Base: s. dilute acids, alkali, "Cellosolve," "Carbitol," dioxane, pyridine; less s. methanol, ethanol,
butanol, acetone, ethyl acetate, benzene; i, ether, petroleum ether. HCl: s. water, methanol; sl. s. ethanol.[1, 2]

STABILITY Thermolabile in strong acids, alkalies; stable at pH 2.5, unstable at pH 7.0 and above at 25°C.[3]

OTHER REACTIONS In alcoholic FeCl3 greenish-brown color by reflected light, reddish color by transmitted light;
precipitates with picric acid, Reinecke's acid, ammonium molybdate; UV shifts in acids, alkali; fluoresces in basic
solution. Infrared bands of free base (recip. cm): 3420, 3050, 1643, 1609, 1580, 1523, 1302, 1231, 1209, 1121,
1080, 1050, 969, 943, 867, 844, 825, 805, 794, 788, 733, 713.[1,2,7,8)

QUANTITATIVE DETERMINATION Microbiological: Especially Micrococcus pyogenes var. aureus [2, 3] .
Fluorometric [8] . Colorimetric [5,6,8]. UV [7].

BIOLOGICAL ACTIVITY Active against Gram-positive and Gram-negative bacteria, rickettsiae and larger viruses,
and certain protozoa. No activity against fungi. In vitro. Most strains of the following bacteria are sensitive to
0.002-7.5 pg/ml: Actinomyces bovis, Alcaligenes spp, Bacillus anthracis, B. cereus, B. subtilis, Brucella abortus,
Br. bronchiseptica, Br. melitensis, Br. suis, Clostridium botulinum, Cl. feseri, Cl. histolyticum, Cl. novyi, CI.
perfringens, CI. septicum, Cl. sordellii, CI. tetani, Corynebacterium diphtheriae, C. renale, C. pyogenes, C.
xerose, Diplococcus pneumoniae, Erysipelothrix rhusiopathiae, Hemophilus ducreyi, H. influenzae, H. pertussis,
Klebsiella pneumoniae, Listeria monocytogenes, M. pyogenes var. aureus, Mycobacterium tuberculosis, Myco.
leprae, Neisseria catarrhalis, N. gonorrhoeae, N. meningitidis, Nocardia asteroides, Paracolobactrum spp,

/1/ Methanol. /2/ Water. /[3/ 0.1 M phosphoric acid. /4/ 0.1 M KH, PO, pH 4.3. /s/ 0.1 M KZHPO4 pH 8.9,
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80. CHLORTETRACYCLINE (Continued)

Pasteurella multocida, Past. hemolytica, Past. pestis, Past. tularense, pleuropneumonia-like organisms, Salmonella
typhosa, S. paratyphi, S. enteritidis, S. schottmuelleri, Salmonella spp, Shigella dysenteriae, Shigella spp, Strepto-
coccus pyogenes, Str. agalactiae, Str. dysgalactiae, Str. faecalis, Str. viridans, Vibrio comma, V. foetus. In-
hibited Hemophilus aegyptius (causes a conjunctivitis in man) at 0.4-3.2 ug/ml; also active against the same agent in
ovo [125] . Less sensitive (10-25 ug/ml), or resistant (>50 ug/ml): Aerobacter aerogenes, Escherichia coli, Myco.
smegmatis, Proteus vulgaris, Proteus spp, Pseudomonas aeruginosa., Spirochetes and protozoa (ug/ml): Borrelia
recurrentig, 1-25; Trichomonas foetus, 25-100; Trypanosoma cruzi, >1000; Entamoeba histolytica, 2->200.[10-28]
Rous sarcoma virus inactivated by exposure to antibiotic, as evidenced by failure to develop tumors in chickens [27] .
In vivo. In general, there was good protection in mice with parenteral doses of 5-30 mg/kg, or with higher
oral doses in infections with Str. pyogenes, Salmonella typhosa, Ery. rhusiopathiae, Past. multocida, D. pneumoniae,
B. anthracis, Listeria monocytogenes, H. influenzae B, Proteus vulgaris, Escherichia coli, V. comma, K. pneu-
moniae, and several species of clostridia [29-36,45] . No effect on Myco. tuberculosis in guinea pigs and mice
[36,67]) . High activity against fowl cholera (Past. multocida) and fowl typhoid (S. gallinarum) in chicks [36, 38] .
Survival time was prolonged in experimental tularemia in mice [39] . Active in low doses in experimental lepto-
spirosis in hamsters and guinea pigs [40] , and in experimental plague (Past. pestis) in mice and monkeys [41] .
Successful control of experimental toxoplasmosis in mice, but did not prevent carrier state [42] . Active against
Bartonella muris infection in rats [43] , and was the most effective of several antibiotics tested against experimental
toxoplasmosis in mice [44] . Three parenteral injections of 30 mg/kg effective against experimental rat-bite fever
induced with Spirillum minus in mice and guinea pigs [130] . Good protection in mice against Borrelia duttoni and
B. novyi [46] ; also against rabbit syphilis, but less active on a weight basis than penicillin (47] . 1n experimental
relapsing fever in rats treated with heavy doses of the antibiotic, the organism (B. duttoni) was still present in the
central nervous system 29 days later [131] . Suppressive effect on Brucella melitensis infection in mice (48] , and
on Br. abortus in guinea pigs (49] . Good protection elicited against Plasmodium gallinaceum in chicks treated with
high oral doses of 150-300 mg/kg/da [50] . Oral therapy with 100 mg/kg afforded high protection, but failed to be
curative in infant rabbits infected intra-intestinally with V. comma [139) . Active in embryonated eggs against pleuro-
pneumonia-like organisms isolated from chronic respiratory disease of poultry [134] . Daily i.p. doses of 50 mg/kg
in mice and rats had no inhibitory effect on 21 varieties of transplantable solid tumors and 3 ascites tumors [132,133] .
S.c. doses of 7-70 mg/kg/da gave 100% protection in mice infected with the viruses of psittacosis and lympho-
granuloma venereum and with the rickettsiae of murine typhus, scrub typhus and rickettsialpox. Daily s.c. injec-
tions of 5-6 mg/kg gave high protection in guinea pigs against the rickettsiae of epidemic typhus, Q fever, and
Rocky Mt. spotted fever. In embryonated eggs, single doses of 1 mg highly active against the same agents and also
against the rickettsiae of boutonneuse fever, South African tick-bite fever and North Queensland tick typhus. The
viruses of mouse pneumonitis, SF strain of human pneumonitis, feline pneumonitis and meningopneumonitis were
also sensitive in ovo.[51,59] Excellent protection in mice against feline pneumonitis [53] and gray lung virus infec-
tion [54] . Doses of 0.1-1.0 mg/ml in drinking water effectively controlled air-borne mouse pneumonitis virus in-
fections in mice [126] . Completely inhibited development of pulmonary consolidation in cotton rats infected with
Eaton's atypical pneumonia virus following daily i.p. doses of 14 mg/kg; the same strain of this virus was also in-
hibited in ovo.[55] Cleared lice of Rickettsia prowazeki [59] . No activity against the viruses of influenza B, canine
distemper, rabies, Newcastle disease, Venezuelan equine encephalitis, poliomyelitis (MEF-1 strain), mumps,
herpes simplex and foot and mouth disease [51, 56, 58] . Oral medication with 500 mg /kg/da suppressed pinworms
(Aspiculuris tetraptera) in mice [60] . I.p. doses of 100 mg/kg had an adverse effect on Candida albicans, enhancing
infections in mice [52, 64] .

CLINICAL This broad spectrum antibiotic has established value in a wide variety of Gram-positive and Gram-
negative bacterial infections, rickettsioses and infections with the larger viruses. The minimum daily oral dose
recommended for adults is 1 g divided into 250 mg doses; children should receive proportionately less, e.g., a
44-1b (approximately 20 kg) child may be given 50 mg 4 or 5 times daily. Total oral dosages of 4.5-20.5 g, over
periods of 1-8 days, effectively controlled anthrax infection in man [135] . In seven cases of tick-borne relapsing
fever in East Africa treated with 4 oral doses of 500 mg in 2 days, there was prompt clinical response, rapid dis-
appearance of parasitemia, and no recorded relapse [136] . In children with cystic fibrosis of the pancreas,
associated pulmonary infections were controlled by oral chlortetracycline, and there was a marked improvement in
the nutritional status [165] . Oral therapy with this and other broad spectrum antibiotics did not influence the
course of herpes simplex, plantar warts, lichen planus, pityriasis, dermatitis herpetiformis, or discoid eczema
[127].

For i.v. use, buffered antibiotic is usually administered in daily doses of 20-25 mg/kg divided into 2-4 in-
jections administered at intervals of 12, 8, or 6 hours. These regimens, and oral therapy, have given good
clinical responses in bacillary infections caused by E. coli, Aerobacter aerogenes, K. pneumoniae, Shigella spp,

N. gonorrhoeae (including acute gonorrheal ophthalmia); also in chancroid, granuloma inguinale, brucellosis,
tularemia, streptococcal and D. pneumoniae infections, and subacute bacterial endocarditis caused by Gram-positive
and Gram-negative organisms. Clinical efficacy has been established in rickettsial infections and diseases induced
by certain of the larger viruses: Rocky Mt. spotted fever, epidemic typhus, murine typhus, scrub typhus, Q. fever,
Brill's disease, lymphogranuloma venereum and psittacosis. It is useful in acute extra-intestinal amebic infection,
including amebic hepatitis and (with surgery) amebic abcess. It is also effective in urinary tract infections caused
by susceptible Gram-positive and Gram-negative organisms, and in acute bronchitis, anthrax and otitis media. The
antibiotic has found wide usage in the prophylaxis and treatment of surgical infections. Topical therapy is effective
in ocular infections and dermatoses [10, 63, 78-81] .
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In experimental chancroid in human volunteers, induced with intradermal injection of cultures of H. ducreyi,
topical application of 3% calcium chlortetracycline ointment, or penicillin, 24 hours later had no effect in preventing
development of infected lesions, in contrast to erythromycin and chloramphenicol which were effective [137] . In
preliminary clinical trials the application of the antibiotic (3% in ointment base) to the axilla was effective in con-
trolling the odor from apocrine sweat [128] .

The value of this antibiotic in primary atypical pneumonia is established [82] . Chlortetracycline and oxy-
tetracyline are the antibiotics of choice in psittacosis [83] and for topical use in trachoma [84] . Good clinical
responses have been reported in non-specific urethritis [85] , cervicofacial actinomycosis [86] , and in infections
with Balantidium coli [89] . Total oral doses of 70 g, over a period of 12 days, appeared as effective as penicillin
in the secondary stage of syphilis [87] ; excellent results have been noted in yaws and tropical ulcer [62,88] . Local
therapy is of value in vaginitis caused by Trichomonas vaginalis [90] . There is little or no evidence that chlortetra-
cycline (and other antibiotics are of direct value in the therapy of measles, mumps, common cold, acute viral
hepatitis, infectious mononucleosis, varicella, smallpox, viral encephalitides, lymphocytic choriomeningitis and
influenza. Despite a number of favorable reports, the direct activity in pertussis, herpes zoster and leptospirosis
is not well established.[78, 81, 91] The antibiotic is of little or no value in paratyphoid fever and certain other
salmonelloses, or in infections caused by Proteus or Pseudomonas spp [78] . Chlortetracycline, like other anti-
biotics, was of no value in the treatment of Reiter's syndrome [164] .

VETERINARY Of value in a wide variety of infections caused by susceptible organisms, including bovine infections
(calf scours, pneumonia, foot rot, vibriosis, chronic bloat, heartwater, mastitis from micrococci or Str. agalactiae),
equine infections (strangles, septicemia), and swine infections (dysentery, salmonellosis, baby pig diarrhea and
pneumonia). ln experimental anaplasmosis in splenectomized calves, the number of Anaplasma marginale in red
cells was depressed following therapy [140] . Incorporation of 50-200 g per ton of feed resulted in increased weight
gains and reduced mortality in swine affected with atrophic rhinitis, a disease of undetermined etiology [144] . In
smaller animals successful treatment has been described in leptospirosis, coccidiosis, gastrointestinal infection,
canine rickettsiosis, feline distemper, fowl typhoid, and topically in the therapy of skin, eye and ear infections [92-
99] . Medication with 1 g per gallon drinking water controlled an epidemic of Erysipelothrix rhusiopathiae infection
in mink [143] . A field outbreak of chronic respiratory disease in poultry was successfully reduced by therapeutic
doses of 400 ppm in the diet for 14 days, followed by 100 ppm for 8 weeks [141] . According to another report, the
use of 200 g per ton of feed failed to alter markedly the course of this disease (associated with pleuropneumonia-
like organisms) in chickens [142] . Supplementation of diet with 36~100 g per ton of feed, or use of 250 ppm in
drinking water, controlled outbreaks of blue comb disease in fowls ("'pullet disease, ' avian monocytosis), a disease
of undetermined cause [145,163] . For systemic infections, the antibiotic is usually administered i.v. in daily doses
of approximately 5 mg/lb of body weight (11 mg/kg), or as the initial dose with 2.5 mg/1b thereafter, or orally in
initial doses of 25 mg/lb followed by 12.5 mg/lb every 12 hours. In mastitis, intramammary infusion of ointment
has been used, containing 100-400 mg in 7 g ointment base, and for topical use in small animals 25 mg antibiotic per
g of ointment base.[92, 94]

PHYTOPATHOLOGY Concentrations up to 115 pg/ml were non-toxic to tomato plants [157) . Highly effective in
control of crown gall tumor of tomato and other plants in concentrations of 10-20 pg/ml[114,115] . Effective in
other bacterial diseases of plants, e.g., black rot of crucifers [124] . Accelerated photosynthesis and induced an
abnormal increase in sucrose in the alga Scenedesmus [120] .

ACUTE TOXICITY LDsg in mice, 134 mg/kg, i.v.; approximately 3500 mg/kg, s.c. LDg, >200 mg/kg, i.p.; 1500
mg/kg, orally. LDgq in rats, 118 mg/kg, i.v.; LDy, 200 mg/kg, i.p.; 3000 mg/kg, oral. Dogs, rabbits and guinea
pigs tolerated i.v. and oral doses of 50 mg/kg.[31, 61]

In vitro. Proliferation of epithelial cells and fibroblasts retarded in tissue cultures containing 10 pg/ml;
complete inhibition with 1000 ug/ml [67] . Using roller tube method, concentrations as high as 2500 pg/ml were
required partially to inhibit human skin transplant.: in tissue cultures [146] . Outgrowths of skin tissue inhibited at
830-1250 ug/ml; spleen tissue not affected by highest test level of 5000 pg/ml [68] . High concentrations (1000 pg/ml)
inhibited phagocytosis of M. pyogenes var. albus by polynuclear leukocytes [69] . In high concentrations antibiotic
was non-toxic to human spermatozoa [70] .

CHRONIC TOXICITY Dogs tolerated multiple i.v. doses of 20 mg/kg; daily oral doses of 100-200 mg/kg for 12
weeks were well tolerated by mice, rats, and dogs; repeated i.m. or s.c. doses of 20-50 mg/kg non-toxic to rabbits,
rats, and dogs.[31, 61]

In man, daily oral doses of 15-30 mg/kg are usually well tolerated although nausea, vomiting, and diarrhea
were noted in some patients, especially following doses of >500 mg [63] . An occasional side effect (also occurring
with other orally administered antibiotics) is stomatitis; secondary infections with yeast-like organisms have occurred,
particularly in the peri~anal region and on the mucous membrane of the vagina and lower rectum. Allergic reactions
after topical use and other side effects have occasionally been reported [65,66,77] . Continued topical use of
dermatological preparations containing 3% chlortetracycline is associated with a relatively low index of sensitization,
in contrast to penicillin, streptomycin, and the sulfonamides [138] . Side reactions were few in a group of 300
children receiving continuous oral therapy of 10-20 mg/kg/da over prolonged periods of 1-5 years [165] .

RESISTANCE Resistant variants of bacteria did not develop readily in vitro; resistance increased in some Gram-
negative and Gram-positive organisms following 14-60 transfers in antibiotic-containing media.[29,100] A con-
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siderable number of resistant strains of M. pyogenes var. aureus have emerged; in clinical experience this has not
been a problem with other bacteria, e.g., streptococci, D. pneumoniae, N. meningitidis and N. gonorrhoeae. Or-
ganisms developing resistance to chlortetracycline generally show cross resistance with the other tetracycline anti-
biotics.[23,101,102] Occasional strains of Str. pyogenes have developed resistance to the tetracycline antibiotics
in burned patients treated with oral chlortetracycline. These resistant forms were atypical in that they lost the
capacity to propagate under aerobic conditions, except in media containing concentrated (4%) agar, and required
anaerobiosis.[147]

ABSORPTION AND EXCRETION Readily absorbed following oral or parenteral administration, with good distribu-
tion in tissues and body fluids. In rabbits and dogs, an i.m. dose of 20-40 mg/kg produced serum levels of 0.3-1.25
pg/ml in 15-30 minutes. Three i.v. doses of 20 mg/kg at 2-hour intervals in dogs produccd serum concentrations of
40 pg/ml and cerebrospinal fluid levels of 0.8 ug/ml within 2 hours, with rapid excretion in the urine during the first
2 hours.[61] 1n mice, a single i.m. dose of 150 mg/kg produced prolonged blood levels of 1 ug in 1-4 hours, level-
ing to 0.2 g for as long as 72 hours; oral doses of 250 mg/kg gave a peak of 2,5-3.0 pg in 1-4 hours, with no de-
tectable blood concentrations at 24 hours.[71] Serum levels in rats after oral administration were markedly in-
creased (as high as 10-fold) by simultaneous administration of citric acid, malic acid, tartaric acid [72] , but this
increase was not observed in man [73] .

In man, following a single oral dose of 500 mg, serum levels of 0,7-1.1 ug/ml appeared in 3-6 hours, de-
clining to 0.2 pg in 12 hours, with detectable quantities (0.07 ug) in 24 hours. After doses of 0.5-1.0 g every 6-8
hours, serum concentrations of 2-6 pg/ml are noted with urine levels as high as 260 wg/ml. The antibiotic readily
passes into the peritoneal fluid, cerebrospinal fluid, bile and milk and crosses the placental barrier.[63, 74, 75]
Was detectable in significant amount (0.2-0.5 pg) in human brain tissue following oral or i.v. medication administered
prior to prefrontal locbotomy [76] .

MODE OF ACTION Action primarily bacteriostatic; very high concentrations required for bactericidal activity.[29]
Acts primarily on actively multiplying bacteria; electron microscopy reveals marked morphological changes in
these cells, with little or no effect on fully grown organisms.[107] Concentrations of 150-200 ug blocked aerobic
phosphorylation in mitochondria of tissue cells without interfering with respiration; in this respect the antibiotic re-
sembled dinitrophenol and gramicidin.[103]  In the absence of citrate, respiration of liver homogenates was sup-
pressed; the antibiotic appears to block some part of the Krebs cycle.[104] Mn++ reverses antibiotic inhibition of
the bacterial cell-free nitroreductase [105] . Concentrations of 100-300 ug/ml inhibit oxidation of glutamate and
thus the respiration of murine and epidemic typhus rickettsiae in vitro [106] . Riboflavin reversed, in vitro, anti-
bacterial activity of this antibiotic against E. coli [113] . Inhibition of oxidative phosphorylation in rat liver mito-
condria occurred in the presence of magnesium, phosphate, and adenosinetriphosphate; addition of magnesium ion in
higher concentrations caused reversal of this inhibition [148] . Bacteriostatic concentrations interfere with protein
synthesis in bacteria [149] . Low levels inhibited synthesis of both pentose and desoxypentose nucleic acids in
Lactobacillus casei; addition of folic acid and higher concentrations of vitamin B reversed this effect.[150] The
hydroxylation of aniline to p-aminophenol by resting cells of mycobacteria was inhibited by small amounts of the
antibiotic; this inhibition was partially reversed by a metabolite of p-aminobenzoic acid which appeared to function
as a cofactor or cosubstrate in the hydroxylation reaction.[151] Very low concentrations of the antibiotic (1.0 x 10-6
molar) prevented the production of streptolysin S by resting cells of Str. pyogenes. Much higher concentrations of
other antibiotics (penicillin, streptomycin, chloramphenicol) were required to inhibit development of this hemolysin.
[152] Chlortetracycline (and penicillin) inhibited in vitro the deaminases of the intestinal microflora and prevented
liberation of ammonia [153] .

ANIMAL NUTRITION Wide usage as a nutritional supplement for the growth stimulation of animals; generally low
levels of approximately 9-20 g are incorporated in a ton of feed. Good growth responses in swine, young calves,
lambs, poultry and experimental animals (rats, mice, rabbits and dogs, but not in guinea pigs which poorly tolerate
this antibiotic).[108-112] An improvement in the growth curve is not observed in ruminants such as cattle; some
observers have reported that incorporation of antibiotics at the usual levels in diets of these animals has a deleterious
effect on the weight curve. This effect may be related to alterations in the rumen microflora.[108, 170, 171]  Sup-
plemental feeding of chlortetracycline enhanced growth of rats which had been made chronically diabetic with alloxan
[154] . The response of rachitic rats to graded doses of vitamin D, as measured by the line test, was increased by
adding the antibiotic to the rachitogenic diet [155] . When fed at levels ordinarily recommended for other species
of animals, no growth improvement was observed in young rabbits fed a pelleted natural ration [156] . The experi-
mental massive liver necrosis produced in rats fed on a necrogenic diet was prevented by addition of chlortetra-
cycline to the diet. This inhibitory effect was attributed to elimination of intestinal bacteria which may utilize pro-
tective constituents of food.[172] The antibiotic had a highly protective effect in rats on experimental dietary
hepatic cirrhosis and its sequelae, such as ascites and renal injury [173] .  Anti-anemic effects have been des-
cribed; dietary antibiotic had a beneficial effect on rats which had developed a macrocytic anemia following the
surgical formation of an intestinal diverticulum [174] . 1t has been shown that these dietary antibiotics have a
sparing effect on folic acid, Bj,, and other B vitamins in animals on diets which were restricted with respect to
these vitamins [166-169] .

The mechanism of growth stimulation by this and other antibiotics is poorly understood; may involve its
therapeutic acitivity, increased bacterial synthesis of essential or stimulatory growth factors, inhibition of bacteria
competing with host for essential nutrients, or inhibition of organisms which are deleterious because they produce
toxic substances or are damaging to intestinal tissues. In this regard it is noteworthy that chlortetracycline and
other antibiotics show no growth-stimulation effect in the developing chick embryo and in germ-free animals. Growth
effects also reported in premature infants and young children.[108-112]
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MISCELLANEQUS Concentrations of 16-32 ug/ml lethal to tadpoles; 4-10 pg/ml inhibited metamorphosis, but had
no effect on the regenerative processes or longevity [158] . Supplemental feeding of high levels (equivalent to 20%
of the weight of added food) caused a marked inhibition of somatic development and growth, but did not affect gonadal
development in the tropical fish, Lebistes reticularis, more commonly known as the guppy [159] . Solutions con-
taining 1 mg/ml were lethal to viviparous fishes within 10-30 minutes [160] . Relatively high levels of chlortetra-
cycline (300-500 mg/14 lb of wheat) were lethal to several varieties of coleopterous stored-grain insects within 30-
60 days [161] . The antibiotic displayed an ACTH-like activity by stimulating the adrenal cortex in rats; following
a single i.v. injection of 50-100 mg/kg there was a decrease in adrenal cholesterol, a reduction in circulating
eosinophils, increased weight of adrenals and liver, and a marked rise in the urinary levels of unconjugzated gonadal
hormones [162] . The neurological deterioration resulting from oral doses of methionine in humans with liver
disease was prevented by oral doses of chlortetracycline [175] .

Was the most effective antibiotic (of 12 tested) for preservation of fish. Concentrations of 0.5-2.0 pg/g in-
corporated in minced fish markedly inhibited bacterial spoilage; concentrations of approximately 2 ppm effective as
meat preservative.[116,117] Immersion in 3-40 ppm increased the shelf life of poultry stored under refrigeration
[118,119] . Yeasts for fermentation have been prepared by utilizing chlortetracycline and other broad spectrum
antibiotics to inhibit growth of bacteria during the yeast propagation or storage period [121] . Effective in concen-
trations of 2-10 pg/ml for controlling bacterial contaminants characteristic of grain alcohol fermentation [122] .
Silkworms fed on a diet containing this antibiotic and amino acids produced 8-14% more silk [123] . The antibiotic
does not inhibit the curative action of thiamine on the polyneuritic pigeon; even larger doses had no effect on the in
vivo action of thiamine or cocarboxylase [129] .

81. CHROMIN

SOURCE Streptomyces sp resembling S. antibioticus [1] .
CRYSTAL FORM AND COLOR Fine white needles [2] .
UV ABSORPTION MAXIMA 281, 292.5, 305, 320 mu [2].

SOLUBILITY Crude: s.methanol, aqueous butanol, chloroform, water (especially alkaline), acetone, acetonitrile,
ethyl acetate. Crystals: i. most organic solvents, water.[l1, 2]

STABILITY Thermo-, acid, and alkali labile [1,2] .

OTHER REACTIONS Tollens questionable; reduces Fehling; negative ninhydrin, Molisch, biuret, FeCly, Sakaguchi,
Millon. Analysis: C, 58.19; H, 7.81; N, 2.29; no S, halogen. Infrared: 10.9, 9.9, 9.2, 8.8, 8.5, 7.7, 7.1, 6.4,
5.9 u.[2]

QUANTITATIVE DETERMINATION Microbiological: Aspergillus niger [1] .

BIOLOGICAL ACTIVITY In vitro. Active against certain yeasts and filamentous fungi. Candida albicans strains
sensitive to 0.16-2.5 ug/ml. Inhibits, at 0.8-6.0 ug/ml, Absidia orchidis, Monascus spp, Helminthosporium
oryzae, Botrytis cinerea, Glomerella cingulata, Penicillium italicum, P. chrysogenum, Ustilago zeae, Rhizopus
nigricans, Aspergillus niger, Mucor spp, and Saccharomyces saké. Inhibits, at 6-12 ug/ml, Trichophyton inter-
digitale, T. purpureum. Bacteria are insensitive: Bacillus subtilis, Micrococcus pyogenes var. aureus,
Escherichia coli, Mycobacterium avium, >1000 ug.[1] Some inactivation by serum [2] .

ACUTE TOXICITY LD,., in mice, 36 mg/kg, i.p. [2].

50

82. CHRYSOMYCIN

SOURCE Streptomyces sp [1] .
NATURE Neutral [1].

O

MOLECULAR FORMULA AND WEIGHT Chrysomycin: C, H, O, (proposed). Reduction product: C, H 75

360 (found); 404 (cale.).[1] Coae 2Rice
CRYSTAL FORM AND COLOR Slender, greenish-yellow needles or rods [1] .

MELTING POINT (°C) 255-260 (d.)! [1] .

OPTICAL ACTIVITY [a]22 = +16°% (1] .

UV ABSORPTION MAXIMA 247, 287, 390-400 my [1] .

/1/ Micro-block, no sharp melting. /2/ c, 1 acetic acid.
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SOLUBILITY s. concentrated HCI, pyridine, glacial acetic acid, dioxane; sl. s. methanol, higher alcohols, ethyl
acetate; i. water, petroleum ether.[1]

STABILITY Solutions thermostable at pH 3-7 [1] .

OTHER REACTIONS Sublimes at 240°C without loss of activity; diffuses well in agar; dry crystals are photosensi-
tive and turn brown on exposure to light; dissolves slowly on treatment with dilute alkali giving biologically inactive
red solution that shows only end UV absorption; on hydrogenation with platinum oxide as a catalyst, 4 moles of H
are taken up (colorless reduction product, MP 208°C, UV maxima 240, 355 my, biologically inactive).[1]

QUANTITATIVE DETERMINATION Microbiological: Bacillus cereus phage [1] .

BIOLOGICAL ACTIVITY [In vitro. Inhibits (ug/ml) B. subtilis, B. cereus, 0.1; Micrococcus pyogenes var. aureus,
0.2; Mycobacterium smegmatis, 0.6; Klebsiella pneumoniae, Pseudomonas aeruginosa, 25; Escherichia coli, 50.
The following fungi inhibited by 50-100 pg/ml: Aspergillus niger, Chaetomium globosum, Gliomastix convoluta,
Memnoniella echinata, Myrothecium verrucaria, Penicillium notatum, Phycomyces blakesleeanus, Stemphylium
consortiale, Trichophyton mentagrophytes, Saccharomyces cerevisiae. Bacteriophages (ug/ml): B. cereus phage,
0.01; staphylophage, 0.04; B. subtilis phage, choleraphage, 0.4; E. coli phage T,, 10.[1]

PHARMACOLOGY Doses of 250 mg/kg, i.p., were relatively toxic to mice but were sublethal; 100 mg/kg, i.p.,
well tolerated. Detectable blood levels after i.p. administration. Slowly eliminated in feces, with detectable
amounts after 9 days. None detected in the urine.[1]

83. CINNAMYCIN

SOURCE Streptomyces cinnamoneus (3).

NATURE Polypeptide [1] .

OPTICAL ACTIVITY Levorotatory [1,3].

UV ABSORPTION MAXIMUM End absorption: 230 mp.l [1,2].

SOLUBILITY s. water, 50% aqueous ethanol, 80% methanol, water-saturated n-butanol, glacial acetic acid; i.
ether.[l1, 3]

STABILITY Thermo- and acid stablez; unstable to alkali [1] .

OTHER REACTIONS HCl: positive Sakaguchi, biuret, azide-iodine; negative nitroprusside, ninhydrin, FeCl;,
Molisch, maltol, Tollens, reducing sugars; not inactivated by pepsin, trypsin, light. Amino acids tentatively
identified: mesolanthionine, aspartic acid, arginine, glutamic acid, proline, phenylalanine, valine, p-methyl-
lanthionine.[1-3]

QUANTITATIVE DETERMINATION Microbiological: Bacillus subtilis [2,3] .

BIOLOGICAL ACTIVITY In vitro. Inhibits Gram-positive bacteria, including clostridia and mycobacteria. B.
cereus, B. circulans, B. megatherium, B. subtilis, Mycobacterium phlei, Myco. smegmatis and Myco. tuberculosis
are sensitive to 16 pg/ml or less. Inactive against streptococci, micrococeci, Gram-negative bacteria and yeasts.

(3]

ACUTE TOXICITY LDgg in mice: acetate, 5-10 mg/kg; HCl, 8-12 mg/kg, i.p. LDg: HCl, 400 mg/kg, s.c.
Marked hyperemia of ears and forefeet following i.p. administration of doses of 25 mg/kg or more.[4]

RESISTANCE Some strains of B. megatherium readily developed a high degree of resistance in vitro {5] .

84. CIRCULIN

SOURCE Bacillus circulans [1] .
NATURE Basic polypeptide [2,3] .

MOLECULAR FORMULA AND WFIGHT [2,3]; 1200 (ionic sulfate) [3] .

(C39H7 409N}, ),
FORM AND COLOR Sulfate: white, amorphous solid [2] .

MELTING POINT (°C) Sulfate: 226-228 [2,3). HCL 232-236 (d.) [3].

/1/ With shoulder at 250-260 my not in pure compound. /2/ 30 minutes at 94°¢, pH 2.0-5.4.
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OPTICAL ACTIVITY Sulfate: [a]25 = -61.6°1 [2,3]. HCL [a]35 = -60.19% [3]
UV ABSORPTION MAXIMA None significant [3] .

SOLUBILITY s. water; less s. lower alcohols; i. hydrocarbons, chlorinated hydrocarbons, acetone, ether, glacial
acetic acid.[1]

STABILITY Thermo- and acid stable; unstable above pH 7 in aqueous solution.[1-3]

OTHER REACTIONS Positive biuret, Van Slyke, formalin, 2, 4-dinitrofluorobenzene; negative ninhydrin, xantho-
proteic; Knoop; inactivated by crude trypsin and in presence of lipase, but not pepsin; forms HCl, reineckate and
helianthate salts; contains p-leucine, r-threonine, L-a-y-diaminobutyric acid, and an optically active isomer of
pelargonic acid.[1-3]

QUANTITATIVE DETERMINATION Microbiological: Salmonella typhosa, Escherichia coli [1] . Release of
cellular contents [12] .

BIOLOGICAL ACTIVITY In vitro. Primarily active against Gram-negative bacteria. Inhibits (ug/ml) Salmonella
spp, 0.4-6.2; Brucella abortus, 0.3; Br, bronchiseptica, 0.8; Shigella dysenteriae, 0.4; E. coli, Klebsiella pneu-
moniae, Aerobacter aerogenes, Pseudomonas aeruginosa, Neisseria catarrhalis, 3.1; Serratia marcescens, Myco-
bacterium tuberculosis, 30; Proteus vulgaris, 67; Bacillus anthracis, B. subtilis, Micrococcus pyogenes var.
aureus, Myco. avium, 100; Streptococcus faecalis, 10. [1] Inhibited Trichomonas vaginalis by direct tests at 200
pg/ml[10] . Phytopathogens: Xanthomonas phaseoli, X. campestris, X. beticola, Erwinia amylovora, E. carotovora
sensitive to 0.4-3.1 pg/ml.[14]

In vivo. Doses of 10-16 mg/kg, administered s.c. or i.p., protected mice against infections with Salmonella
typhosa, K. pneumoniae, Vibrio comma, and Hemophilus influenzae (type B). Ineffective as intestinal antiseptic in
dogs.[4,5,7,8]

TOXICITY LDgq in mice, 10 mg/kg, i.v.; 77 mg/kg, s.c. No evidence of chronic toxicity in mice and guinea pigs
after repeated doses.[6] In dogs, toxicity shown by mucosal hyperemia; larger doses caused hemorrhages in the
bowel.[4] Detectable blood levels in dogs, but not in rats, after oral administration [4, 6] . Low toxicity in tissue
cultures: 3000-5000 pg required to inhibit growth of skin tissue, and >20,000 pg for spleen tissue [9] .

PHYTOTOXICITY Highly toxic to onion root tips [11].
MODE OF ACTION Bacterial cells exposed to circulin exhibit a leakage of cellular constituents and a loss of

viability. Experimental evidence suggests that the lethal effects of the antibiotic are exerted in or near the
bacterial cell walls. [13]

85, CITRININ

SOURCE Penicillium citrinum and other Penicillium spp, as well as Aspergillus spp [1,9] .
NATURE Monobasic acid [1] .

MOLECULAR FORMULA AND WEIGHT C”HMO5 [1,2] ; 259 (found); 250 (by analysis).[8]
STRUCTURE

OH H
HOOC o
< CH
3
H
CHH ©Hs
3

CRYSTAL FORM AND COLOR Golden prismatic needles or serrate plates from alcohol [5,8] .

[6,7]

MELTING POINT (°C) 170, 175 (d.) [1,2,7,8] .
OPTICAL ACTIVITY [a]g33; = -43.1°% [8) ; [a]'8 = -37.49% [7] .

SOLUBILITY s. hot ethanol, ethyl acetate, benzene, acetone, chloroform; sl. s. ether, petroleum ether, ethanol;
i. water.[5]

STABILITY Thermostable; less stable at alkaline pH.[1]

/1] ¢, 1.25 water. [2/ c, 2.094 water. [3/ c, 0.92 absolute ethanol. [4/ ¢, 1.15 ethanol.
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OTHER REACTIONS Positive Tauber, FeCls; destroyed by cysteine; greenish-yellow fluorescence in UV; colorless
in NaHCO3 solution; orange-yellow in aqueous NaOH, later orange-red; bright lemon yellow in aqueous solution be-
low pH 4.6, changing to orange-pink at pH 5.6-5.8 and to cherry red above 9.9.(2, 3, 8]

QUANTITATIVE DETERMINATION Microbiological: Micrococcus pyogenes var. aureus, Escherichia coli [4] .

BIOLOGICAL ACTIVITY In vitro. Active against Gram-positive bacteria. Inhibits (in dilutions of 1:10, 000-
1:200,000) M. pyogenes, Streptococcus pyogenes, Bacillus subtilis, B. mycoides, Vibrio comma, Salmonella en-
teritidis, E. coli, Shigella dysenteriae. Salmonella typhimurium, S. paratyphi, Pseudomonas aeruginosa, Str.
viridans, Mycobacterium phlei and Myco. smegmatis are less susceptible.[10, 13]

In vivo. No activity in mice infected with M. pyogenes var. aureus [12] .

ACUTE TOXICITY LDgq in mice, 35 mg/kg, s.c. or i.p. LDsg in rabbits, 19 mg/kg, i.v. Kidney damage
followed repeated sublethal doses in rabbits. Depressed blood pressure in dogs. Dry citrinin very irritating to
cornea and nasal mucosa of handlers.[11]

86, CITROMYCETIN
{Frequentic Acid)

SOURCE Strain of Penicillium frequentans [2] .

NATURE Dibasic acid [3] .

MOLECULAR FORMULA AND WEIGHT C14H1007'ZHZO [1,3]; 324 (found); 326 (calc.).[3]

STRUCTURE

COOH o] (4]
CRYSTAL FORM AND COLOR Yellow crystals [2,3] .
MELTING POINT (°c) 290-300 (d.) [3] .
OPTICAL ACTIVITY Inactive [2].
SOLUBILITY s. ethanol, aqueous sodium carbonate; sl. s. chloroform, water; i. benzene, hexane.[2]
STABILITY Thermostable [2].
OTHER REACTIONS Deep green color with FeCls; orange solution with green fluorescence with concentrated
H;504; reduces ammoniacal AgNO3; converts to citromycin when boiled with 2 N HZSO4; decomposes when ooiled
with 3 N NaOH.[1, 3]

QUANTITATIVE DETERMINATION Microbiological: Micrococcus pyogenes var. aureus [3] .

BIOLOGICAL ACTIVITY In vitro. Inhibits Micrococcus pyogenes var. aureus at 1:8, 000 dilution. Slight activity
against Salmonella enteritidis (1:500 dilution). Activity reduced approximately 50% by serum.[2]

TOXICITY Na salt: Mice tolerated doses of 1200 mg/kg, i.v., and 2250 mg/kg, i.p. Evidence of kidney damage
following multiple doses. Small amounts excreted in urine following large parenteral doses.[2]

87. CLITOCYBINS

SOURCE Clitocybe candida [1] .

CRYSTAL FORM AND COLOR Long, colorless, orthorhombic (2} .

MELTING POINT (°c) 77 [2].

SOLUBILITY s. water, ethanol, acetone, chloroform, amyl acetate, sulfuric ether [1,2].

STABILITY Thermolabile [1].
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OTHER REACTIONS Readily diffusible; not a protein.[2]

BIOLOGICAL ACTIVITY |[In vitro. Inhibit Bacillus anthracis, Streptococcus pyogenes, Micrococcus pyogenes var.
aureus, Erysipelothrix rhusiopathiae, Malleomyces mallei, Pasteurella multocida, Salmonella typhosa, S. para-
typhi, Escherichia coli, Brucella abortus and Mycobacterium tuberculosis in dilution of 1:300, 000-1:800, 000 [3] .

In vivo. Slight protection against Myco. tuberculosis in guinea pigs. No activity in experimental infections
with streptococci, or Past. multocida.[l] Claimed to have some effect in delaying the development of foot and
mouth disease virus [5] .

TOXICITY Guinea pigs tolerated 20 mg doses. Higher s.c. doses induced necrosis at the site of injection and
were lethal.[2, 4]

88. COELICOLORIN

SOURCE Streptomyces coelicolor [1] .
FORM AND COLOR Purplish-red powder (1] .
MELTING POINT (°C) 142-146 [1] .

SOLUBILITY s. water at pH 8 and above, acetone, ethyl acetate, chloroform, benzene, ethanol, methanol, ether;
sl. s, water at pH 6-7; i. water at pH 5, petroleum ether.[1]

OTHER REACTIONS Red at pH 5, purple at pH 6=-7, green at pH 8 and above [1] .

BIOLOGICAL ACTIVITY In vitro. Inhibits Micrococcus pyogenes var. aureus in dilution of 1:1, 000, 000; Bacillus
subtilis, 1:400,000; Escherichia coli, Shigella dysenteriae, Salmonella typhosa, S. paratyphi, and S. schottmuelleri,
1:10,000.{1]

ACUTE TOXICITY LD, in mice, 500 mg/kg, i.p. [1] .

50

89. COLICINES

SOURCE Escherichia coli and other members of Enterobacteriaceae [1] .
NATURE Polypeptides; proteic.
COLOR COLICINE K: colorless (4] .
SOLUBILITY s. water, acetic acid; sl. s. pyridine, aqueous phenol; i. other organic solvents.[1,2,4])
STABILITY Thermostable when acid or neutral; unstable to alkali1 J[1,2,4]

OTHER REACTIONS Dialyze through cellophane; destroyed by pepsin, trypsin, mouse kidney or liver tissue;
precipitated from aqueous solution by neutral salts.[], 2]

Colicine K: Free of nucleic acid; contains N, 6.5; P, 1.6; appears to have but 1 electrophoretic component
in Tiselius apparatus; composed of carbohydrate, protein, lipid; destroyed by trypsin, chymotrypsin, contact with
1% formalin.[4]

QUANTITATIVE DETERMINATION Microbiological: Escherichia coli [1] .

BIOLOGICAL ACTIVITY n vitro. Active against Shigella dysenteriae, Sh. sonnei, Pseudomonas aeruginosa,
Salmonella spp, Vibrio comma, Corynebacterium xerose, Mycobacterium phlei [1,3] . Action is bactericidal;
activity is enhanced by small amounts of serum.[1]

Purified colicine K: In concentrations of 1 ug/ml, inhibits E. coli [4] .

PHARMACOLOGY Lots vary in toxicity. LDg in mice, 900 mg/kg, i.v. Appear to be destroyed in the body;
mice injected i.v. with 18.5 mg excreted less than 5% in urine.[1]
Purified colicine K: Toxic in mice and rabbits (4] .

MISCELLANEOUS Colicines resemble bacteriophages, but differ in that they are not transmitted by serial passage.

Suggested that they may be precursors of phages [5] , although more recent evidence does not support this view [4] .
Purified colicine K is highly antigenic in rabbits, producing an antibody which precipitates the colicine,

neutralizes its antimicrobial activity and agglutinates the strain of E. coli from which it is derived. Colicine K

was shown to be chemically and immunologically unrelated to E. coli phage Té6.[4]

/1] Strain C;: 13% loss at 100°C in 30 minutes, 22% in 1 hour.
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90. COLIFORMIN

SOURCE A bacterium of Escherichia coli- Aerobacter aerogenes group (1] .

NATURE Polypeptide [1].

MOLECULAR WEIGHT 4000 + 400 (found) [1] .

UV ABSORPTION MAXIMUM 272 mp.l BUIE

STABILITY Thermostable at acid and neutral pH; unstable at alkaline pH.[1]

OTHER REACTIONS HCI analysis: C, 47.6; H, 8.22; Cl, 3.31; S, 0.23; P, 0.47; O, 33.15 (by difference); positive
ninhydrin (after hydrolysis}; Molisch; contains alanine, glycine, serine, glutamic acid, aspartic acid, lysine, valine,
leucine.[1]

QUANTITATIVE DETERMINATION Microbiological: Pullularia pullulans [1] .

BIOLOGICAL ACTIVITY [n vitro. Inhibits yeasts and fungi (ug/ml): Candida albicans 0.6-3.,0; C. krusei, Cryp-
tococcus neoformans, 0.6; Candida tropicalis, Hormodendrum pedrosoi, Microsporum gypseum, Trichophyton

mentagrophytes, T. tonsurans, 3.[1] A wide variety of phytopathogenic fungi also sensitive [2] . Also active
against fungi causing damage to wood, textiles, leather, and wood pulp {3] .

91. COLISTATIN

SOURCE An aerobic sporulating bacillus [1] .

SOLUBILITY Crude preparation: s. acid methanol and ethanol; i. butanol.[1]

STABILITY Thermostable [1] .

QUANTITATIVE DETERMINATION Microbiological: Micrococcus pyogenes var. aureus [a] .

BIOLOGICAL ACTIVITY In vitro. Inhibits Escherichia coli, Proteus sp, Salmonella schottmuelleri, Shigella
dysenteriae, Salmonella typhosa, M. pyogenes var. aureus, Diplococcus pneumoniae [1] .

In vivo. In mice, doses of 30,000 units/kg cleared Borrelia sogdianum from the blood within 24 hours [1] .

ACUTE TOXICITY Mice tolerated 100, 000 units/kg by s.c., i.m., or i.v. routes [1] .

92. COLLINOMYCIN

SOURCE Mycelium of Streptomyces collinus {1] .
CRYSTAL FORM AND COLOR Orange prisms’ [1] .
MELTING POINT (OC) 280-282 (uncorr.) [1] .
ABSORPTION MAXIMA 535, 575 mp.3; 480, 525 mp.4.[l]

SOLUBILITY s. chloroform, acetone, dioxane; sl. s. ether, lower alcohols; i. water, petroleum ether, sodium
bicarbonate.[1]

OTHER REACTIONS Sodium salt precipitates as violet precipitate at interface when yellow ether solution is
shaken with 2 N NaZCO3. the aqueous phase being colored a weak violet; in pyridine-methanol and titanium tri-
chloride, solution is first olive-green, then red; orange color (also fluoresces orange) in acetic anhydride, but
becomes carmine red on addition of pyroboracetate, and after short heating has absorption maxima at 608, 555 and
515 mu; yellow-red dioxane solution becomes pale yellow when sodium hyposulfite is added, but original color re-
turns after standing in air.[1]

BIOLOGICAL ACTIVITY In vitro. Inhibits Micrococcus pyogenes var. aureus at 1:2, 000, 000 dilution [1] .

93, COMIRIN

SOURCE Bacterium antimyceticum, n. sp, resembling Pseudomonas fluorescens (1] ; Ps. antimycetica (2] .
NATURE Peptide containing an ether-soluble moiety [1,2] .

FORM AND COLOR Whitish, amorphous powder [1] .

/1/ Broad band. /2/ From chloroform-methanol. /3/ 2 N NaOH. /4/ Concentrated HZSO4.
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93. COMIRIN (Concluded)

1
MELTING POINT (°C) 230-235 (d.) [2].
SOLUBILITY s. organic bases and acids; less 8. aqueous alcohols; sl. 8. water; i. neutral organic solvents. [1, 2]
STABILITY Thermostable except in alkali2 [1,2].

OTHER REACTIONS Precipitated by 50% (NH4)2SO4 and protein precipitants; negative ninhydrin, glyoxylic acid,
Molisch; positive Millon-Cole, Pauly, Sakaguchi, xanthoproteic, biuret. No free amino acid groups; dialyzes slowly
through cellophane; acid hydrolysis yields mainly serine, glycine, aspartic acid; dinitrophenyl derivatives readily
formed with 2, 4-dinitrofluorobenzene., Other amino acids present: leucine, isoleucine, tyrosine, arginine, lysine,
a, y-diaminobutyric acid.[1, 2]

QUANTITATIVE DETERMINATION Microbiological: Aspergillus flavus [1,2] .

BIOLOGICAL ACTIVITY [In vitro. Inhibits the following yeasts and fungi in dilution of 1:25,000 or more: Candida
albicans, C. reukaufii, C. tropicalis, Torulopsis neoformans, Trichosporon sp, Zygosaccharomyces salsus,
Debaryomyces matruchoti, Mycoderma valida, Saccharomyces cerevisiae, Saccharomyces spp, Schizosaccharo-
myces spp, Torulopsis utilis, Zygosaccharomyces spp, Epidermophyton sp, Hormodendrum sp, Sporotrichum
schenckii, Trichophyton mentagrophytes, Trichosporium rubrum, Aspergillus spp, Cladosporium herbarum,
Fusarium oxysporum, Mucor mucedo, Neurospora sitophila, Oidium lactis, Penicillium notatum, P. chrysogenum,
Rhizoctonia solani, Rhizopus sp, Sclerotium rolfsii, Trichoderma viride, Verticillium spp, Botrytis allii, B.
cinerea. No activity against bacteria.[1]

UTILIZATION Marked hemolytic properties preclude parenteral use. Topical use (1:10,000-1:30,000 in ointment
base) suggested for mycotic infections of skin and ear. Usefulness as a fungicidal spray for plants also indicated.

{11 -

94. CONGOCIDIN

SOURCE Streptomyces ambofaciens, n. sp [1] .
NATURE Basic [1,2] .

MOLECULAR FORMULA C, H, O,N.-HCl1[1]; C

108219385 OZN *2HCI (2] .

9
CRYSTAL FORM AND COLOR Almost colorless needles [1] .

17825

MELTING POINT (°C) 205-210 (d.) [1,2].
OPTICAL ACTIVITY Inactive [1,2].

UV ABSORPTION MAXIMA 296, 235 mp [2] .
STABILITY Stable in the crystalline state [2] .

BIOLOGICAL ACTIVITY In vitro. Inhibits Gram-positive (including mycobacteria) and Gram-negative bacteria,
with the exception of Pseudomonas aeruginosa and Brucella bronchiseptica [1] .

In vivo, Little or no activity in mice infected with Micrococcus pyogenes var. aureus, and Klebsiella
pneumoniae. Slight activity in rats infected with Entamoeba histolytica following s.c. doses of 25 mg/kg/da. Single
8.c. doses of 75-150 mg/kg suppressed infections with Trypanosoma congolense in mice; also T, brucei (including
strains resistant to arsenicals).[1, 2]

TOXICITY LD, in mice, 75 mg/kg, i.v.; 200 mg/kg, s.c.; 5000 mg/kg, oral.[2]

95. CORDYCEPIN

SOURCE Cordyceps militaris (Link) (1] .

MOLECULAR FORMULA AND WEIGHT C, H, ;O,N. [1]; 247 £ 10 (found); 251 (calc.).[1]

10713
STRUCTURE
e} CH
] |2
(IZHCH(OH) CH
N_ _N CH, OH
Y .
N N
NH [2]

/1/ Depends on rate of heating, /2/ Heating in acid results in apparent increase in activity, possibly because of
strong surface-active and colloidal properties in aqueous solution.
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95. CORDYCEPIN (Concluded)

CRYSTAL FORM AND COLOR Colorless needles or platesl [1].

MELTING POINT (°c) 225-226 [1].

OPTICAL ACTIVITY [a]2° = -479% [1].

UV ABSORPTION MAXIMUM 260 my> [1] .

SOLUBILITY s. warm dilute mineral acids [2] .

OTHER REACTIONS Forms the picrate and picrolonate [1] .

QUANTITATIVE DETERMINATION Microbiological: Bacillus subtilis [1] .

BIOLOGICAL ACTIVITY In vitro. Inhibits (ug/ml) B. subtilis at 10-100, Mycobacterium avium at 100. No activity
against Micrococcus pyogenes var. aureus, Sarcina lutea, Escherichia coli, Clostridium perfringens, Proteus sp,
and streptococci.[1]

In vivo, Daily i.p. doses of 100 mg/kg for 7 days in mice had no inhibitory effect on RC carcinoma [3] .

TOXICITY Of low order [2] .

96. CYCLOHEXIMIDE
The trademark of The Upjohn Company for cycloheximide is Actidione.

SOURCE Certain strains of Streptomyces griseus [1] ; S. noursei [33] .
NATURE Weakly acidic [4] .

MOLECULAR FORMULA AND WEIGHT C,_H NO4 [2-4] ; 254 (Rast); 281 (calc.).[2]

15723
STRUCTURE
CH,
CH,- =0 9
CHOH-CH, - NH
o [3, 4]

CRYSTAL FORM AND COLOR Colorless plates [5] .

MELTING POINT (°C) 115-116.5[2, 5] .

OPTICAL ACTIVITY [a]2% = -2.8°* [5], -6.8°% [2] .

SOLUBILITY s. water, all organic solvents except saturated hydrocarbons [1, 2] .
STABILITY Thermostable [1] .

OTHER REACTIONS Inactivated at room temperature by acetic anhydride, sodium acetate, dilute alkali [5] .
Nonactin (C39Hy4gOg, a neutral, colorless crystalline compound, having very weak antibiotic properties) is found in
cycloheximide- producing beers of Streptomyces viridochromogenes or S. olivochromogenes [37] .

QUANTITATIVE DETERMINATION Microbiological: Saccharomyces pastorianus [5, 6] .

BIOLOGICAL ACTIVITY In vitro. Little or no effect on bacteria. Antifungal activity; inhibits, at 0.2-50 pg/ml
Cryptococcus neoformans, Aspergillus niger, Sac. cerevisiae and other yeasts. In general, most fungal animal
pathogens are not susceptible (>1000 pg/ml): Candida albicans, Epidermophyton floccosum, Blastomyces dermatitidis,
Nocardia asteroides, Hormodendrum pedrosoi, Trichophyton spp.[1,6,12] Many phytopathogenic fungi are sen-
sitive. Inhibited by 5 pg/ml or less: Sclerotinia fructicola, Diplocarpon rosae, Physalospora tucumanensis,

Diaporthe citri, Endothia parasitica, Venturia inequalis, Ustilago tritici, U. zeae, Heterosporium iridis, Clado-
sporium fulvum, Diplodia zeae, Colletotrichum lagenarium, Sclerotium rolfsii.[8] Protozoa: Tetrahymena geleii
and Euglena gracilis are sensitive to 1-5 pg/m1[9] . Sac. pastorianus developed a 68-fold increase in resistance

in vitro (0.06-4.08 ug/ml) following 3 transfers in media containing the antibiotic [4] .

/1/ Transparent needles from ethanol and n-propanol, lustrous needles or plates from n-butanol, dull matted
needles from water. /[2/ Water. /3/ Ethanol. /4/ c, 9.6 methanol. /5/ ¢, 2 water.
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96. CYCLOHEXIMIDE (Concluded)

In vivo. Daily i.p. doses of 1 mg suppressed production of ascites in mice injected with Ehrlich carcinoma,
but failed to prolong survival time of the animals [24] . Was effective in control of experimental amebiasis (Ent-
amoeba histolytica) in monkeys [10] . Intraperitoneal administration of 100 mg/kg/da had slight retarding effect
on growth of a mouse tumor (Crocker sarcoma 180) [11] . Daily parenteral doses in mice had little or no inhibitory
effect on sarcoma 180 [34] .

CLINICAL Good clinical response reported in a single patient with meningitis caused by Coccidioides immitis [12] ,
and in a case of Cryptococcus neoformans meningitis following i.m. and i.v. administration [13] . Another report
describes intravenous therapy as unsuccessful in three cases of cryptococcosis [28] . The antibiotic was toxic when
administered intrathecally [13] .

PHARMACOLOGY LDsg in mice, 150 mg/kg, i.v.; in rats, 2.5 mg/kg, i.v., and 2.7 mg/kg, s.c.[7] Oral doses
as low as 1 mg/kg were fatal to rats; rabbits tolerated approximately 4.5 mg/kg, per 0s.[14] Crude preparations
were highly irritating to the skin [1] . Detectable blood levels in rats, guinea pigs and dogs following i.p. adminis-
tration [7] .

MISCELLANEOUS In view of inactivity against bacteria and dermatophytes, antibiotic has been recommended for
use in laboratory culture media in concentrations of approximately 100 ug/ml for the isolation of microorganisms
from mixed cultures containing saprophytic fungi, e.g., aspergilli, penicillia [22,23]. Incorporation of 40 ug/ml

in agar media useful in laboratory isolation of actinomycetes in presence of contaminating fungi [29] . Liquid spray,
containing 50-100 ppm antibiotic, provided good protection against brown rot fungus (Sclerotinia fructicola) on cling
peach fruits [30] . Spraying with 25-50 ppm in casco summer oil prevented development of red cedar rust; no
foliage injury observed as a result of this treatment.[31] In greenhouse and field tests, cycloheximide was the most
effective of six antibiotics tested as spray in concentrations of 25-100 ppm for the control of stem rust of wheat [35] .
Concentrations of 20-25 ppm sprayed on seedling plants effective in control of wheat stem rust [25] . The antibiotic
did not increase the resistance of wheat seedlings to infection with Xanthomonas translucens [36] . Concentrations
of approximately 10 ppm resulted in good control against powdery mildew of apple, onion, bean, and rose; also ef-
fective against cherry leaf spot, mint rust, and turf diseases.[15-19] 10-50 ppm inhibited Ascochyta pisi infection
in peas, but was toxic to pea seeds [20] . Phytotoxicity of cycloheximide (e.g., to peach, tomato, bean, geranium)
limits its use as agricultural fungicide on some crops [21] . Concentrations of 100 ug/ml induced specific aberra-
tions in mitotic behavior in the cells of onion root [26] . At pH 6.0, cycloheximide markedly inhibited endogenous
respiration of Tetrahymena pyriformis S, as well as its utilization of mono- and disaccharides, organic acids and
amino acids [27] . Cycloheximide induced formation of gametangia in Allomyces arbuscula, thus transforming a
sporophytic plant into a gametophytic plant [32] . Was effective as a rat repellent; paperboards when treated with

50 mg/sq inch reduced gnawing attacks [14] .

97. CYCLOPALDIC ACID

SOURCE Penicillium cyclopium (Westling).[1]
NATURE Dibasic acid [1] .

MOLECULAR FORMULA AND WEIGHT C, H . O, 119 (equiv.).[1]

1171076}
STRUCTURE
OCH OCH
3 3
H,C ~COOH ————% H,C -c29
H -CHO 4——— & -¢“H
OH
CHO CHO (Proposed) [1] .

CRYSTAL FORM AND COLOR Long fluffy colorless needlesl [1].
MELTING POINT (°c) 224-225[1].

SOLUBILITY Moderately s. ethanol, methanol, ethyl acetate; sl. 8. ether, chloroform, hot benzene, boiling
petroleum ether.[1]

OTHER REACTIONS Slowly soluble in cold aqueous NaHCO;, yellow solution, effervescence; yellow solution in
NaOH, deepens on warming; aqueous or ethanolic solution, ruby-red with FeCl; gelatinous orange precipitate with
Brady; negative Fehling; Br water added to dilute aqueous solution gives transient buff color with no precipitate;
trace exposed to NH3 vapor turns brown, and if then dissolved in aqueous NH3 gives purple color, fading after 2-3
hours to orange with yellow fluorescence; green fluorescence in methanolic solution in UV; transient pale yellow
with bleaching powder; in pH 9.2 buffer and treated with aqueous suspension of 2, 6-dichloroquinone chloroimide,

/1/ From water.
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97. CYCLOPALDIC ACID (Concluded)

forms a green color in 2 minutes, then blue-green in 10 minutes, reddish-brown after 3 days; sublimes readily in
high vacuum at 170°.[1]

QUANTITATIVE DETERMINATION Microbiological: Inhibition of getmination of Botrytis allii spores [2] .

BIOLOGICAL ACTIVITY In vitro. Inhibits germination of B. allii spores at 2.5 ug/ml. (Cyclopolic acid is in-
active; no inhibition of B. allii at 320 pg/ml.) [2]

98. DECHLOROGRISEOFULVIN

SOURCE Penicillium janczewski and P. griseofulvum (Dieckx).

NATURE Neutral [1].

MOLECULAR FORMULA AND WEIGHT C,.H O, [1]; 306 (Rast)[2] .
STRUCTURE Dechloro-analogue of griseofulvin [1,2] . (See also griseofulvin.)
CRYSTAL FORM Needles [2] .

MELTING POINT (°C) 179-181 [1,2] .

OPTICAL ACTIVITY [a]lJ = +390°" [1,2].

UV ABSORPTION MAXIMA 250, 286, 325 mu [2] .

OTHER REACTIONS Dechlorogriseofulvin gives intense blue-violet color with HNO3 at room temperature,
griseofulvin giving a pale yellow color under same conditions (sensitive to 1 ug in a solid mixture).[1]

QUANTITATIVE DETERMINATION Microbiological: Botrytis allii response [1] .

BIOLOGICAL ACTIVITY In vitro. Inhibits B. allii at 6.25 ug/ml, in contrast to griseofulvin which inhibits this
organism at 0.5 pg/ml,

99. DEXTROMYCIN

SOURCE Streptomyces sp resembling S. fradiae.
NATURE Base [1].

MELTING POINT (°C) Helianthate: 227-228°[1] .
OPTICAL ACTIVITY HCL [a]2] = +61.0°[1].

OTHER REACTIONS Resembles neomycin; recovered by same methods used with streptothricin and streptomycin;
no maltol on alkaline hydrolysis; negative Sakaguchi; diffuses slowly through agar.[1]

BIOLOGICAL ACTIVITY In vitro. Inhibits (ug/ml) Bacillus subtilis, Sarcina lutea, 0.1-0.2; Corynebacterium
diphtheriae, 0.125; Klebsiella pneumoniae, 0.25; Micrococcus pyogenes var. aureus, 0.4-0.5; Mycobacterium avium,
0.5; Proteus vulgaris, Escherichia coli, 1.0~-1.25; Vibrio comma, 2-8; Hemophilus pertussis, 4; Salmonella typhosa,
4-8; Shigella dysenteriae, 4-16; Myco. tuberculosis var. hominis, 5; Salmonella enteritidis, 8; Pseudomonas
aeruginosa, 64; Streptococcus pyogenes, 125-250. Resistance did not develop readily in vitro. Fungi are not sen-
sitive, >20, 000 pg/ml: Aspergillus oryzae, A. niger, Penicillium spp.[1, 2]

In vivo. S. c. doses protected mice against S. typhosa; slight activity against H. pertussis infection. No
activity in rats with transplanted Yoshida sarcoma.(2]

ACUTE TOXICITY LD, in mice, 50 mg/kg, i.v.; 750-1000 mg/kg, s.c.; 1250 mg/kg, oral[l,2].

0

100. DIATRETYNES

SOURCE Clitocybe diatreta [1] .
NATURE Polyacetylene [1-3] .

MOLECULAR FORMULA AND WEIGHT Diatretyne 1: c8H5N03 [2) ; 159 (ebull.); 163 (calc.).[2]
Diatretyne 2: CgH,NO,; 145.11 (calc.).[4]

/1] c, 1 acetone.
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100. DIATRETYNES (Concluded)

STRUCTURE Diatretyne 1: HOOCCH=CHCECC=CCONH, [3] .
Diatretyne 2: HOOC-CH=CH-C=C-C=C-C=N [4] .

MELTING POINT (°C) 198 (uncorr.)l [2].

UV ABSORPTION MAXIMA Diatretyne 1: 225, 260, 275, 291, 310 mpz[l] .
Diatretyne 2: 230, 240, 270, 285, 303, 323 mpz [1].

STABILITY Diatretyne 1: Very unstable [1,2] .

OTHER REACTIONS Diatretyne 1: pK 3.3; catalytic reduction product CsHl

NO3 is a colorless, crystalline solid,
MP 144-145°C (uncorr.).[2, 3]

5

BIOLOGICAL ACTIVITY In vitro. Diatretyne 1: Inhibits Micrococcus pyogenes var. aureus at concentration of
0.1 pg/ml [4] .

Diatretyne 2: Apparently no antibacterial activity; no inhibition of Micrococcus pyogenes var. aureus at 1000
pg/ml. Antimicrobial activity, originally attributed to diatretyne 2, caused by contamination with diatretyne 1.[4]

101. DIPLOCOCCIN

SOURCE Streptococcus lactis.[2]

NATURE Protein-like [1] .

OPTICAL ACTIVITY Levorotatory[l1].

SOLUBILITY s. water; i. absolute ethanol.[1]

STABILITY Thermostable in acid; unstable in alkaline solution.[1]

OTHER REACTIONS Positive protein tests with the exception of Millon, Heller; negative Molisch; precipitated by
half-saturated (NH4),SO,, tannic acid; slow diffusion through collodion; positive arginine, tyrosine, tryptophan.[1]

QUANTITATIVE DETERMINATION Microbiological: Streptococcus cremoris [1] .

BIOLOGICAL ACTIVITY In vitro. Inhibits Str. cremoris, Str. hemolyticus, Str. lactis, and Micrococcus pyogenes
var. aureus in dilution of 1:10, 000-1:200, 000 [1] .

102. DROSOPHILINS

SOURCE Drosophila substrata [1] .

NATURE Drosophilin A: p-methoxytetrachlorophenol.
C: polyacetylene.[2, 3]

MOLECULAR FORMULA AND WEIGHT Drosophilin A: C7H4OZC1‘1 [2) ; 249 (found); 262 (calc.) [1].
CRYSTAL FORM AND COLOR Drosophilin A: white crystals [1] .
MELTING POINT (OC) Drosophilin A: 118 (corr.) [1] .
OPTICAL ACTIVITY Drosophilin A: inactive [1] .
UV ABSORPTION MAXIMA Drosophilin A: 301 mu.

C: 238, 251, 265, 280 mp”[3].

D: 217, 259, 274, 290, 309 mp [1}.
SOLUBILITY s. most organic solvents; sl. s. water. [1]
OTHER REACTIONS Drosophilin B is identical with pleuromutilin; C and D, but not A, precipitated from aqueous
solution by AgNO3. A: positive FeCl,, negative 2, 4-dinitrophenylhydrazine, reduces alkaline permanganate and
alkaline AgNO3. UV of alkaline conversion product of C: 233, 243, 264, 273, 279, 290, 309, 330 mps; 230, 241,
264, 273, 279, 289, 308, 3295, of D: 233, 244, 257, 273, 290, 309, 330 mp5.[l.z]

QUANTITATIVE DETERMINATION Microbiological: Micrococcus pyogenes var. aureus [1] .

/1] Explodes, no melting. /2/ 95% ethanol. /3/ Ether. /4/ Ethanol. /5/ Borate buffer, pH 10. /[6/ Phos-
phate buffer, pH 2.
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102. DROSOPHILINS (Concluded)

BIOLOGICAL ACTIVITY Invitro. Drosophilin A: Inhibits M. pyogenes var. aureus, 16; Bacillus subtilis, 31;
B. mycoides and Mycobacterium smegmatis, 63; Escherichia coli, 125; Klebsiella pneumoniae, Pseudomonas
aeruginosa, 250 pg.[1,5] Fungi (ug/ml): Chaetomium globosum, Memnoniella echinata, Trichophyton menta-
grophytes, 2; Gliomastix convoluta, Penicillium notatum, 8; Aspergillus niger, Myrothecium verrucaria,
Stemphylium consortiale, 16; Saccharomyces cerevisiae, 31. High activity against phages of Micrococcus pyogenes
and Vibrio comma.[5] In tissue cultures, partially inhibited Y-SK strain of poliomyelitis virus in concentration of
4-8 mg/ml., Concentrations >8 mg/ml are toxic.[4]

B: (See pleuromutilin.)

C: Invitro. Inhibition of M. pyogenes var. aureus, B. subtilis, E. coli, Ps. aeruginosa, Myco. smegmatis,
and K. pneumoniae at 0.03-32.0 ug/ml [1] .

D: Active only against M. pyogenes var. aureus and B. subtilis at 2-4 ug/ml [1] .

TOXICITY Drosophilin A: Mice tolerated single i.v. doses of 50 mg/kg [5] .
MISCELLANEOUS Drosophilin A: Ineffective as spray in control of early blight of tomato plants; toxic to tomato

plants at 200-400 ppm.[5] Some molluscacide activity; 10 ppm lethal for snail (Australorbis glabratus) in 24 hours.
(5]

103. EHRLICHIN

SOURCE Streptomyces sp resembling S. lavendulae [1] .
STABILITY Thermostable; less stable in fermented broths; acid labilel.[l]
OTHER REACTIONS Dialyzes without loss of activity; resists tryptic digestion.[1]
QUANTITATIVE DETERMINATION Microbiological: Influenza B virus [1].
BIOLOGICAL ACTIVITY In vitro. Antiviral activity; no effect on bacteria, fungi and bacteriophages. Inhibits in-
fluenza A and B viruses.[1]
In vivo. Active against influenza B virus (suppressive effect on pulmonary consolidation in mice and in

chick embryos). No activity against influenza A virus.[1]

ACUTE TOXICITY Mice tolerated 100 mg/kg, i.p.; 300 mg/kg, s.c. Necrosis developed at site of s.c. injection
of 100 mg/kg doses.[1]

104. ELAIOMYCIN

SOURCE Streptomyces hepaticus [2, 3] ; S. gelaticus [4] .

NATURE A neutral oil [1-3] .

MOLECULAR FORMULA AND WEIGHT C, ,H, N, 0, (proposed); 244 (found); 258 (calc.).[2, 3]
STRUCTURE
?HzOCHs
n-C6H33CH=CH-N=N-(':H
CH-OH
1
(o1 (5]

COLOR Light yellow [2, 3] .

OPTICAL ACTIVITY [a]2® = +38.49% [2, 3] .

UV ABSORPTION MAXIMUM 237.5 mpu [2,3] .

SOLUBILITY s. organic solvents; sl. s. water [2,3] .

STABILITY Thermo- and acid stable; alkali labile [3] .

OTHER REACTIONS Negative FeCl3. periodic acid, xanthate, hydroxamate, Benedict, sodium nitroprusside,
ninhydrin, Sakaguchi, Ehrlich; decomposes in 0,1 N NaOH into a yellow product.[2] Infrared: pronounced peaks

at 2.88, 3.41, 6.83, 7.29, 8.93 u; less pronounced at 7.68, 8.37, 10,39, 10.83, 10.96, 12.70 p; peaks of minimal
absorption at 6.05, 11.82, 13.78 u; deep purple when placed in light at 256 mp.[3]

/1] 100°C for 5 minutes. [2/ c, 2.8 absolute ethanol.
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104. ELAIOMYCIN (Concluded)

BIOLOGICAL ACTIVITY In vitro. Inhibits human and bovine strains of Mycobacterium tuberculosis at 0.3-5.0
pg/ml. Other bacteria (including mycobacteria) resistant. Some inhibition of fungi, e.g., Candida spp.[1]
In vivo. No activity against Myco. tuberculosis in mice [1] .

ACUTE TOXICITY LD, in mice, 43.7 mg/kg, i.v.; 62.5 mg/kg, s.c.[1]

0

105. ENDOMYCIN

SOURCE Streptomyces sp related to S. albus [1] ; S. endus, n. sp [8] .
NATURE Acidic [1] .

MOLECULAR WEIGHT: 1450 (pot. titr.); 1300 (cryo.).[2, 8]

UV ABSORPTION MAXIMA 226, 232 my [8] .

SOLUBILITY s. alcohols, methyl cellosolve, water above pH7 and at pH 2 or belowl; sl. s. dioxane; i. ether,
chloroform, benzene, ethyl acetate.[l1, 2, 8]

STABILITY Thermostable at pH 7-10[1,2,8] .

OTHER REACTIONS Infrared: 3.0, 3.56, 5.82, 6.04, 6.87, 7.28, 8.81, 9.45, 10.15, 10.97, 11.71, 11.91, 13.90 p
[2,8] .

QUANTITATIVE DETERMINATION Microbiological: Torula utilis, Candida albicans [1, 2, 8] .

BIOLOGICAL ACTIVITY In vitro. Active against yeasts, fungi, Gram-positive bacteria and protozoa (trypano-
somes). No effect on Gram-negative bacteria. Fungi inhibited at 1-25 units/ml: species of Sclerotinia, Torula,
Endomyces, Mycoderma, Candida, Trichophyton, Microsporum, Rhizoctonia, Glomerella, Blastomyces,
Coccidioides, Geotrichum, Cryptococcus, Histoplasma, and Sporotrichum.[1] Most strains of Candida albicans
inhibited by 8-18 pg/ml; C. tropicalis by 6-225(7] . Concentrations of 25-50 ug/ml suppressed growth of C.
albicans in tissue cultures, but even much higher levels were not moniliocidal [9] . Inhibited (ug/ml) Microsporum
canis, Epidermophyton floccosum, 1; M. audouini, Trichophyton rubrum, T. schoenleinii, T. acuminatum, T.
crateriforme, T. tonsurans, Histoplasma capsulatum, Blastomyces dermatitidis, Cryptococcus neoformans, 6; T.
mentagrophytes, M. fulvum, 14-16; Sporotrichum schenckii, >22.[7] Bacteria inhibited at 1-10 units/ml: Micro-
coccus pyogenes var. aureus, Bacillus cereus, B. subtilis, Brucella abortus, Corynebacterium xerose.. The
following required 10->100 units for growth inhibition: Streptococcus faecalis, Aerobacter aerogenes, Escherichia
coli, Pseudomonas aeruginosa.[l] Inhibited Trypanosoma cruzi in dilution of 1:12,800 [3] . Was the most active
of 11 antibiotics tested against Trichomonas vaginalis in vitro. In direct tests, T. vaginalis was lysed by concen-
trations of 50-100 pg/ml.[5]

In vivo. Very slight suppression of Trypanosoma cruzi in mice treated i.p. with injections of 5-10 mg/kg
[3T=

ACUTE TOXICITY Mice tolerated doses of 500 mg/kg; 1000 mg/kg were lethal.[1] Inhibited (ug/ml) outgrowth of
skin tigsue in tissue culture at 250-500, and spleen tissue at 2500-5000 [4] . Chick embryonic heart tissue cultures
inhibited by 625-1250 pg/ml [8] . Using roller tube tissue culture method, there wag no inhibition of human skin
explants by concentrations of 1250 pg/ml [10] .

PHYTOTOXICITY Of low order. Non-toxic when sprayed in concentrations of 10,000 ppm on wheat, beans, and
tomatoes under greenhouse conditions. [5]

RESISTANCE Strains of Candida albicans readily developed resistance in vitro (6 to >45-fold increase when sub-
cultured 11-15 times in presence of antibiotic)[7] g

MISCELLANEOUS Leaf rust of wheat was readily prevented by 100-1000 ppm as spray [6] . Under greenhouse
conditions, antibiotic failed to control stem rust of wheat when used as a pre-inoculation spray [11] .

106. ENNIATIN A

SOURCE Fusarium orthoceras var. enniatinum [1] .

MOLECULAR FORMULA AND WEIGHT C, H, O/N, (proposed) {1-3]; 413-446 (found); 454, 459 (analysis).
[1,3]

/1/ Solubility in water at pH 7 reduced by NacCl, Ca++ or Mg++.
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106. ENNIATIN A (Concluded)

STRUCTURE
CH, CH
3 Ot
R \(|JH
LH-co-o-¢H-co
CH,-N N-CH, CH,-CH,
CO-CH-0-CO-CH e =CH
CH R CH,
CH, CH, [4]

CRYSTAL FORM AND COLOR Long colorless needles [1-3].

MELTING POINT (°C) 121-122 [3] .

OPTICAL ACTIVITY [a], = -90 to -92°" [1,3] .

UV ABSORPTION MAXIMA None characteristic [2, 3] .

SOLUBILITY s. organic solvents; less s. water.[2]

STABILITY Thermostable; alkali inactivated [1-3] .

OTHER REACTIONS Probably identical with lateritiin I; sublimes in vacuo without loss of activity [1-3].
QUANTITATIVE DETERMINATION Microbiological: Mpycobacterium paratuberculosis [1, 3] .

BIOLOGICAL ACTIVITY In vitro. Inhibits Myco. tuberculosis, 1:100,000-1:500,000 dilution; Myco. paratubercu-
losis, 1:1,000,000; Myco. phlei, 1:310,000; Bacillus subtilis, 1:320,000; B. cereus, 1:300,000; B. megatherium,
Micrococcus pyogenes var. albus, 1:100,000; M. pyogenes var. aureus, 1:160,000; M. citreus, 1:400,000; Serratia
marcescens, 1:80,000. Pseudomonas aeruginosa, Escherichia coli, and Salmonella spp are relatively resistant
(<1:1000).[1,5] Inhibits phytopathogenic fungi (ug/ml); Merulius domesticus, 5; Calonectria nivalis, Helmintho-
sporium gramineum, Coniophora cerebella, Rhizoctonia crocorum, 10, Clasterosporium carphophilum, Lenzites
abietina, Polystictus versicolor, Venturia inaequalis, Ophiobolus graminis, Armillaria mellea, 20-50. Activity

is decreased by 5-50% in the presence of serum.[5]

TOXICITY Low toxicity in animals (low solubility precluded high test doses) [5] .

107. ENNIATIN B

SOURCE Same as Enniatin A.

MOLECULAR FORMULA C,,H, O/N, (proposed)[1,3].

2277387672
STRUCTURE
ool
CH-CO-0O-CH-CO
>
CH3-N N-CH, CH3

CO-(IZH-O-CO-(IZH = -CH

R R CH, [2]

MELTING POINT (°C) 173-176 [1,3] .

OPTICAL ACTIVITY [a], = -106 to -108% [1,3] .

SOLUBILITY s. most organic solvents; sl. s. water, petroleum ether.[3]
OTHER REACTIONS Sublimes in high vacuum [3] .

QUANTITATIVE DETERMINATION Microbiological: Mpycobacterium paratuberculosis [3] .

/1/ ¢, about 1 chloroform. /2/ c, 0.63-1.2 chloroform.
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107. ENNIATIN B (Concluded)

BIOLOGICAL ACTIVITY In vitro. Inhibits (ug/ml) Myco. phlei at 3, Myco. paratuberculosis at 5. Activity
against bacteria and phytopathogenic fungi weaker than that of Enniatin A.[2]

108. ERYTHROMYCIN
The trademarks for erythromycin are Ilotycin (Eli Lilly & Company) and Erythrocin (Abbott Laboratories).

SOURCE Streptomyces erythreus [1] .
NATURE Basic [1].

MOLECULAR FORMULA AND WEIGHT C 733.9-735.9 (calc.).[5]

37H47-69N0) 3
STRUCTURE

CH CH

(o} CH3

Desosamine

CH

OH

ocC

Erythronolide /K

CH3

Cladinose [84]

CRYSTAL FORM AND COLOR White needles [3, 5] .

MELTING POINT (°C) Base: 136-1401 [3,5). HCl: 170-173. Complex: 82-83.5 (uncorr.) [3].
OPTICAL ACTIVITY Base: [a]25 = -789% [1,3]. Complex: [a]35 = -47°°[3].

UV ABSORPTION MAXIMA Base: 278 mu([5) . Complex: 274 mp [3].

SOLUBILITY s. alcohols, acetone, chloroform, acetonitrile, ethyl acetate; less s. ether, ethylene dichloride,
amyl acetate, water. HCIl: very s. water, lower alcohols [1,3,5].

STABILITY Stable at -25 to +4°C; stable 4 days at 37°C; unstable to 60 or 100°C.[9]

OTHER REACTIONS One titratable group with pKa 8.6; activity not reduced by serum. Two basic degradation
products: amine A (C8H17NO3) and amine B (C7H15NOZ). the latter obtained by oxidation of amine A. Two acid
degradation products: a neutral oil (CaHl 604) and a crystalline base (CZ9H49N08)'[1'3' 5] Reduction of erythro-
mycin with sodium trimethoxyborohydride gives dihydro-erythromycin, the infrared spectrum having only 1
carbonyl band at 5.84 u, with the 5.90 y infrared and 278 myu UV bands of erythromycin being lost [49] .

QUANTITATIVE DETERMINATION Microbiological: Micrococcus pyogenes var, aureus, Streptococcus pyogenes
[1,8] . Spectrophotometric [10] . Infrared absorption [4]. Colorimetric [6,7] .

BIOLOGICAL ACTIVITY Active primarily against Gram-positive bacteria; a few Gram-negative organisms, certain
rickettsiae and larger viruses are also susceptible.

In vitro. Inhibits most strains of the following at concentrations of 0.003-0.1 ug/ml: Bacillus circulans, B.
polymyxa, B. subtilis, Corynebacterium diphtheriae, C. xerose, Lactobacillus casei, Lactobacillus spp, Leuconostoc
citrovorum, Mycobacterium avium, Myco. phlei, Sarcina lutea, Streptococcus mitis, Diplococcus pneumoniae. Most
strains of the following are sensitive to 0.1-6.2 ug/ml: Actinomyces israeli, B. anthracis, B. brevis, B. cereus,

/1/ 1f slow rate of heating continues, it partially resolidifies and then melts at 190-193°C.  /2/ ¢, 1.99 alcohol.
/3] c, 2 ethanol.
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108. ERYTHROMYCIN (Continued)

Brucella bronchiseptica, Br. melitensis, Br. suis, Hemophilus influenzae, H. pertussis, Listeria monocytogenes,
Erysipelothrix rhusiopathiae, Clostridium spp, Lactobacillus arabinosus, M. pyogenes var. aureus, Myco. smeg-
matis, Neisseria catarrhalis, N. gonorrhoeae, N. meningitidis, Str. pyogenes, Str. faecalis, Streptococcus spp,
Gaffkya tetragena, Pasteurella multocida, Vibrio comma. Generally resistant, >50 ug/ml: most strains of
Aerobacter spp, Klebsiella pneumoniae, Serratia marcescens, Pseudomonas spp, Salmonella spp, Shigella spp,
Proteus spp, Escherichia coli, yeasts and fungi.[1,9,11-16] Entamoeba histolytica was inhibited by dilution of
1:8000 [11] . Leptospira icterohemorrhagiae sensitive to 0.001-0.01 pg/ml [50] . Concentrations of 2 mg/ml
failed to inactivate the virus of herpes simplex [51] . Active against avian and goat strains of pleuropneumonia-like
organisms; strains isolated from sheep were less sensitive.[63]

In vivo. In mice, good protection against infections with Str. pyogenes and D. pneumoniae afforded by 66
mg/kg, s.c., or 133 mg/kg, oral doses; moderate protection against intranasal infections with H. pertussis.[11, 16]
Some activity noted in experimental tuberculosis in mice [1,16] . Daily i.p. doses of 80 mg/kg gave moderate pro-
tection in mouse infections with M. pyogenes var. aureus and Listeria monocytogenes, and were ineffective against
Ery. rhusiopathiae, B. anthracis and K. pneumoniae; no activity in chicks with experimental fowl typhoid (Salmonella
gallinarum) infection.[16] In guinea pigs, s.c. doses as low as 2 mg/kg/da were highly effective against Coryne-
bacterium diphtheriae [15] . High activity in experimental rabbit syphilis, but less active, on a weight basis, than
penicillin [17] . Ten daily i.m. doses of 20 mg/kg cured experimental syphilitic orchitis in rabbits [65] . Single
i.p. doses in mice of 125 mg/kg, or oral doses of 125-250 mg/kg, gave high protection against Borrelia novyi,
moderate protection in experimental toxoplasmosis [1,18] . Median protective dose against experimental tetanus
infection in mice was 11.6 mg/kg/da, given i.p. for 5 days [64] . High oral doses of 200 mg/kg effective in mouse
infections with Trypanosoma equiperdum, but inactive against T. cruzi and T. gambiense. Highly effective in
clearing rats infected with Entamoeba histolytica; some activity against Trichomonas vaginalis; also suppressed
pinworm (Syphacia obvelata) in mice.[1, 18] Daily i.p. doses of 100 mg/kg in mice for 7 days gave 100% protection
in infections with psittacosis virus; lower oral doses suppressed infections with lymphogranuloma venereum and
meningopneumonitis viruses. High activity against Rickettsia prowazeki in embryonated eggs [11] . Active against
R. rickettsi, R. typhi, and R. akari in chick embryos; maximum tolerated doses slightly suppressed Coxiella
burnetii [52] . Concentrations of 0.1-0.5 mg/ml in drinking water protected mice against experimental air-borne
mouse pneumonitis virus infection [53] . Oral dosage initiated within 2 days of infection protected 80% of guinea
pigs against Leptospira icterohemorrhagiae. Renal carriers of this organism were reduced to 10% by continuing
medication for 6 days. Similar results were obtained in hamsters.[50] No activity against smaller viruses (rabies,
poliomyelitis, lymphocytic choriomeningitis, influenza, Semliki Forest) in mice or guinea pigs [11] .

CLINICAL Because of its high order of activity against Gram-positive bacteria, erythromycin is useful in infec-
tions caused by these organisms and particularly when strains (e.g., M. pyogenes var. aureus) are resistant to
penicillin and the tetracycline antibiotics. Optimal oral dosage not finally established. The average effective dose
for adults ranges from 0.2-0.5 g every 6 hours; for children, 6-8 mg/kg doses every 6 hours has been suggested.
Pneumonia from D. pneumoniae has responded to initial doses of 0.2 g, with 0.1 g every 3 hours thereafter. In
severe infections, doses up to 0.5 g have been repeated every 6 hours [19,20] . The antibiotic (erythromycin
glucoheptonate) may also be administered by the intravenous route [39] . Good results have been obtained in micro-
coccic enteritis and septicemia caused by strains of M. pyogenes resistant to penicillin and the tetracycline anti-
biotics [21,22] . Excellent clinical responses in pneumonia caused by D. pneumoniae and in micrococci and
streptococci infections, including pharyngitis, tonsillitis, scarlet fever and cellulitis (9, 23,24, 33], and has been
used with success prophylactically in patients convalescing from rheumatic fever [25] . Favorable, as well as in-
different, results have been reported in preliminary trials in gonorrhea, lymphogranuloma venereum, chancroid
and donovanosis [26-30] . In experimental chancroid induced in human volunteers by intradermal injection of
cultures of H. ducreyi, topical application of 1% erythromycin ointment 24 hours later prevented the development of
lesions [71] . In a small series of patients with primary or secondary syphilis, 200 mg administered 4 times

daily rapidly cleared treponemes and reduced the serologic titer [27] . Gonorrheal urethritis successfully treated
with single intramuscular doses of 100 or 200 mg [66] . Was of value in therapy of non-gonococcal urethritis; total
oral doses of 6.0 g were given over a 5-day period.[69] Good responses in scrub typhus [70] . Favorable results
obtained following i.v. therapy in meningitis caused by N. meningitidis and H. influenzae [67] . Total oral doses of
3.2-5.6 g over periods of 4-7 days effectively treated cases of anthrax infection in man [68] . Favorable results in
intestinal infections caused by Entamoeba histolytica [37,54] . Topical use of ophthalmic ointment containing 5
mg/g valuable in the treatment of ocular infections caused by susceptible bacteria [74] . Good clinical responses in
trachoma [31] , and the antibiotic proved useful in the treatment and prophylaxis of surgical infections [32] . Topical
therapy useful in cases of acute pyoderma [34, 35] and in acne vulgaris [36] . Antibiotic therapy failed to influence
viral infections of the respiratory tract, including influenza [72,73] . Little or no effect on the clinical course of
pertussis demonstrated in children treated orally with 50 mg/kg/da in divided doses over periods of 4-21 days [55] .
Preliminary trials indicate oral medication is effective in actinomycosis [56] and gave good clinical responses in
acute and chronic brucellosis [57] . Erythromycin stearate in daily doses of 15 mg/kg for 10-14 days cleared 14

of 15 patients with hepatic amebiasis [58] .

VETERINARY Oral medication, or i.v. doses of 50-150 mg, effective in the control of a variety of canine infec-
tions, including pneumonia, bronchitis, pyogenic surgical infections, otitis media and early cases of distemper
[43,59-61] . Useful in urinary tract infections of small animals, with usual doses in dogs of approximately 300-
1200 mg/da, administered orally in divided doses [59, 60] .
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108. ERYTHROMYCIN (Concluded)

ACUTE TOXICITY LD, in mice, 1000 mg/kg, s.c.; 2000 mg/kg, oral. LDgg, approximately 1800 mg/kg, s.c.
Doses of 250 mg/kg, s.c. or i.p., were irritating. Oral doses of >100 mg/kg non-toxic to dogs.[1,15] When ad-
ministered intratracheally in doses of 5-20 mg/kg in dogs, or in doses of 10-20 mg as an aerosol to guinea pigs,
caused bronchopneumonic inflammations which, however, were less severe than those caused by tetracycline anti-
biotics (75] .

In vitro. In tissue cultures, erythromycin inhibited outgrowth of skin tissue at concentrations of 345-690
pg/ml and spleen tissue at 520-1040 pg/ml [38] .

CHRONIC TOXICITY 5% antibiotic in diet well tolerated in mice, as were daily oral doses of 1.0 g for 2 weeks in
dogs. No chronic toxicity in mice receiving daily i.p. or s.c, doses of 700 mg/kg, or in dogs given oral doses of
250 mg/kg/da for 14 weeks.[1,15,42] Oral doses for 3-6 days poorly tolerated in guinca pigs and hamsters, with
development of diarrhea and anorexia [50] .

In man, toxic symptoms not generally observed with oral doses up to 300-500 mg. Higher doses may cause
gastric distress; this was not uncommon in patients receiving 2.0 g every 6 hours [15,20,40] . Continued topical
use of dermatological preparations, containing 1% of the antibiotic, is associated with a low index of skin sensitiza-
tion, in contrast to the sulfonamides, penicillin and streptomycin [76] .

RESISTANCE Some strains of M. pyogenes var. aurcus developed resistance in vitro with facility; less readily de-
veloped by Str. pyogenes.[15,45] No significant cross-resistance between erythromycin and penicillin or most
other antibiotics, with the exception of carbomycin [15,46-48] . In another series, a high percentage of M. pyog-
enes var. aureus strains which were resistant to carbomycin were found sensitive to erythromycin [79] . The
incidence of infections caused by M. pyogenes var. aureus strains resistant to erythromycin, as well as to other
established antibiotics, is increasing [80-82] .

ABSORPTION AND EXCRETION Peak blood levels noted 1 hour after single oral doses in dogs; readily detectable
levels in the urine, feces and cerebrospinal fluid.[1] In man, single and multiple oral administration of 0.3-0.5 g
produced serum levels of 0.12-2.0 pg/ml in 1 hour, with concentrations as high as 8-16 ug in 3 hours dropping to
0.5-4.0 pg in 9 hours. Therapeutically effective concentrations (0.12 pg) were detected in cerebrospinal fluid,
ascitic fluid, and bile, with prolonged excretion at high levels in the urine. The antibiotic traversed the placental
barrier.[15] Intravenous preparations administered in single 300 mg doses produced serum levels of 21-82 pg/ml
in a few minutes, falling to 2.5 pg in 2 hours and approximately 0.3 pg at the 6th hour. Low spinal fluid concentra-
tions (0.04-0.08 pg) were maintained 2-6 hours after injection. About 15% of the original i.v. dose was excreted in
the urine during the first 24 hours.[41] Single or repeated doses of 1% erythromycin lactobionate, injected intra-
pleurally, were well tolerated in man. A single dose of 250 mg gave high concentrations in pleural fluid and adequate
levels in blood for at least 3 days.[62]

MODE OF ACTION Action is bacteriostatic or bactericidal, depending on concentration of the antibiotic and sen-
sitivity of the organism. Active primarily against rapidly multiplying bacteria.[44] Inhibition of C. diphtheriae
markedly antagonized by addition to culture medium of p-alanine, calcium pantothenate, or r-carnosine; these sub-
stances permitted growth in 30-70 times the original minimal inhibitory concentrations of the antibiotic.[77] In
non-bactericidal concentrations, erythromycin, like chloramphenicol and the tetracyclines, inhibited oxidation of
glutamic acid in Escherichia coli [78] .

MISCELLANEOUS Solutions containing 1 mg/ml were tolerated for 24 hours by viviparous tropical fish (guppies)
[83] . '

109. ERYTHROMYCIN B

SOURCE Same as erythromyecin [1] .
NATURE Basic [1] .
MOLECULAR FORMULA AND WEIGHT C37H71N012; equiv. wt. 708, 720 (found) [3] ; 736 & 36 (titr.) [1] .

MELTING POINT (°C) 191-195 [1]; 202-203 (3]. HCL 149-150; SO4 154-156; hydriodide: 167-169; benzoate:
102-104; ethyl carbonate ester: 117-118; p-(p-hydroxyphenylazo) benzene sulfonate: 165-167; stearate: 54-57.(3]

OPTICAL ACTIVITY [a]25 = -78°" [1]; [a], = -98° £ 1 [3].
UV ABSORPTION MAXIMUM 286 myu [1] .
SOLUBILITY s. ether, acetone, chloroform, ethyl acetate; i, water. Acid salts: s, water. [1]

STABILITY More stable to acid than erythromycinZ [3] -

/1] ¢, 2 ethanol. [2/ Treatment at pH 1.5 of extracted mixture destroys erythromycin and leaves B unchanged.

WADC TR 55-16 69



109. ERYTHROMYCIN B (Concluded)

OTHER REACTIONS Properties very similar to erythromycin from. which it can be separated in Craig distribution
apparatus [1] . Methoxyl, N-methyl, C-methyl tests positive; on mild acid hydrolysis, cladinose (CgH) (Oy4) and

2 bases, (C9Hz5NOg) and (Cp9Hg) NOg), are isolated, the former on strong acid hydrolysis yielding desosamine
HCI and possibly an a, P unsaturated aldehyde or ketone.[3]

BIOLOGICAL ACTIVITY In vitro. Antimicrobial spectrum similar to that of erythromycin, but B is only approx-
imately 75-85% as active [1] .
In vivo. Activity resembles that of erythromycin [4] .

TOXICITY Approximately twice as toxic to animals as erythromycin [2] .

RESISTANCE Micrococcus pyogenes var. aureus developed resistance to product B somewhat more readily than
to erythromycin [4] .

ABSORPTION Following oral doses in man, blood levels obtained were approximately twice as high as those
following similar doses of crythromycin. After oral doses of 300 mg of erythromycin B, blood concentrations of
approximately 5 pg/ml appeared in 2 hours and 0.8 pg in 8 hours.[2]

110. ESPERIN

SOURCE Bacillus mesentericus [1] .

CRYSTAL FORM Na salt: needles [2] .

MELTING POINT (OC) Na salt: 268-269 (d.). Free acid: 195.[1,2]

SOLUBILITY s. dilute alkali, acetone, chloroform, benzene, acetic acid; i. water.[3]

OTHER REACTIONS Contains pL-leucine, n-aspartic acid, L-valine, and a probable fatty acid, C,, ;¢ 188
BIOLOGICAL ACTIVITY In vitro. Inhibits Mycobacterium tuberculosis in dilution of 1:160, 000 [1] .

111. ESTIN

SOURCE Penicillium paxilli var. echinulatum [1] .

MOLECULAR FORMULA C16H14O6C12 [eL]; <

MELTING POINT (°C) 223-225[1] .

OTHER REACTIONS oContains 2 MeO groups; impure materials contain a second substance, nordin: C18H1608C12’
needles, MP 134-136 C.[1]

BIOLOGICAL ACTIVITY In vitro. Inhibits Micrococcus pyogenes var. aureus (in dilution of 1:700, 000}, Sarcina
lutea (1:400, 000), and Mycobacterium tuberculosis (1:20, 000-1:40, 0u0) [1] .

112, ETAMYCIN
(Viridogrisein)

SOURCE Streptomyces sp, S. griseus [1,2] ; S. griseoviridus [7] .
NATURE Amphoteric; weakly basic polypeptide [1, 3] .

MOLECULAR FORMULA AND WEIGHT C (suggested) [3]; 550 + 10! [1]; 530 102 (1] ;

816-865, 982 (neut. equiv. found) [3] . 42-43"62-64"8°11
CRYSTAL FORM AND COLOR White crystals [1] ; white amorphous solid [2] .

MELTING POINT (OC) HCl: 163-170 (some decomposition) [1,3] .

OPTICAL ACTIVITY [a]%} = +7.7°% (1], +289%, +599° [2] , -10°° [2].

UV ABSORPTION MAXIMA 304 mp7, 333-335 mpe [1,2] . Strong end absorption below 250 mp [1] .

SOLUBILITY Base: s. lower alcohols and ketones, chloroform, carbon tetrachloride, carbon disulfide, ethyl
acetate, peanut oil, ether, 1 N HCl, 1 N NaOH; sl. s. water?; i. petroleum ether. HCl:. s. water'’, methanol,

/1/ Cryoscopic in benzene. [2/ Cryoscopic in dioxane. [3/ ¢, 2 methanol. [4/ c, 5 absolute ethanol. [5/ ¢, 5
chloroform. [6/ ¢, 5 in 50% aqueous ethanol. /7/ Ethanolic or methanolic HC1l. /8/ NaOH. /9/ 1 mg/ml. [10/ 4
mg/ml.
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112. ETAMYCIN (Concluded)

ethanol, formamide; sl. s. acetone, ethyl acetate, less polar solvents.[], 2]
STABILITY Very stable at acid and neutral pH; unstable at alkaline.[3]

OTHER REACTIONS C, 60.6, 60.3; H, 7.28, 7.22; N, 12.4, 12.8 [1] . Infrared: Strong bands at 6.05, 6.60, 6.87
w; moderate bands at 2.93, 3.30, 5.70, 9.5 u; weak bands at 12.40, 14.35 4. Brownish-red with FeCl3; weakly
positive Folin-Ciocalteu, Baeyer; negative ninhydrin, Sakaguchi; doubtful biuret; acid hydrolysate gives strong
ninhydrin; contains threonine, hydroxyproline, alanine, one or more of the leucines; rcsembles pyridomycin.[1-3]

QUANTITATIVE DETERMINATION Microbiological: Bacillus mycoides, Micrococcus pyogenes var. aureus [1] ;
Streptococcus infrequens [4] .

BIOLOGICAL ACTIVITY In vitro. Active against Gram-positive and some Gram-negative bacteria; slight activity
against certain protozoa, rickcttsiae and larger viruses; no activity against fungi. 1nhibits (ug/ml) Actinomyces
bovis, B. anthracis, B. cereus, Clostridium feseri, Cl. hemolyticum, Cl. novyi, Cl. perfringens, Cl. septicum, Cl.
sporogenes, Cl. tetani, Corynebacterium acnes, C. diphtheriae, C. xerosc, Erysipelothrix rhusiopathiae, Diplo-
coccus pneumoniae, Lactobacillus acidophilus, M. pyogenes var. aureus, Moraxella bovis, Gaffkya tetragena,
Streptococcus agalactiae, Str. dysgalactiae, Str. uberis at 0.04-1.25; Streptococcus sp, Str. pyogenes, B. subtilis,
L. casei, 0.63-2.5; Neisseria meningitidis, 1-5; N. gonorrhoeae, Listeria monocytogenes, 5; N. catarrhalis, 2.5;
Hemophilus pertussis, 5-10; H. influenzae, 10-50; Mycobacterium tuberculosis, 0.8-6.2; Shigella sonnei, Klebsiella
pneumoniae, Proteus vulgaris, 200; Brucella suis, Br. bronchiseptica, Escherichia coli, Malleomyces mallei,
Paracolobactrum spp, Salmonella schottmuelleri, S. typhosa, Pseudomonas aeruginosa, Candida albicans, >10->200;

667; Trichomonas foetus, 2000; Trypanosoma rhodesiense partially inhibited at 250; T. cruzi resistant.[1, 4]

In vivo. Mice protected against D. pneumoniae with i.p. doses of 90 mg/kg, or daily oral doses of 125-400
mg/kg, b.i.d.[1,4] . Good activity with 200-400 mg/kg oral doses in infections with Str. pyogenes and M. pyogenes
var. aureus. Slightly active in mouse infections with H. pertussis, viruses of meningopneumonitis and psittacosis,
and in embryonated eggs against Rickettsia prowazeki. Inactive against small viruses and Schistosoma mansoni in
mice. Some protection afforded in chicks infected with Plasmodium lophurae.[4] In rats and dogs oral doses of
45-168 mg/kg/da were effective in experimental intestinal amebiasis [6] .

VETERINARY Effective in acute bovine mastitis causcd by micrococci or streptococci {(some of these cases had
not responded to penicillin or streptomycin therapy), following instillation of 250 mg per udder quarter. In pre-
liminary trials, favorable results noted in infectious bronchitis of chickens treated with single oral dose of 250 mg;
the same doses also gave good results in kittens with pan-leukemia.[4]

ACUTE TOXICITY LDgq in mice, 25-39 mg/kg, i.v.; 125 mg/kg, or >2000 mg/kg, s.c.; >3000 mg/kg, oral. Dogs
tolerated single oral doses of 1000 mg/kg; higher doses induced marked leukopenia. Oral LD50 in rabbits, >4000
mg/kg.[4, 5]

CHRONIC TOXICITY Mice tolerated 2 daily doses of 100 mg/kg, s.c., for 20 days, or oral doses of 1000 mg/kg/da
for 4 days. Hamsters and guinea pigs did not tolerate antibiotic as well as did mice and dogs.[4] Repeated daily
oral doses of >250 mg/kg in dogs and cats, but not in rabbits and mice, induced marked leukopenia which subsided
soon after drug was withdrawn [5] . Instillation of 250-1000 mg per quarter into bovine udder gave no signs of
irritation [4] .

ABSORPTION AND EXCRETION Oral doses of 250-500 mg/kg in mice produced blood levels of 45-50 pg/ml in 1
hour, with no detectable concentration at 3 hours. Peak urine concentrations of 142-830 ug/ml within 2 hours. In
dogs, 800 mg/kg oral doses were poorly absorbed.[4] Oral doses of 1000 mg/kg gave blood concentrations of
1-10 pg/ml in 5 hours, with variable distribution in tissues and body fluids; no detectable concentration in cerebro-
spinal fluid [5] .

113. EULICIN

SOURCE Streptomyces sp resembling S. parvus [1] .

CRYSTAL FORM AND COLOR Helianthate: rosettes. HCl: colorless.[1]

MELTING POINT (°C) Helianthate: 139 [I] .

SOLUBILITY HCl: s. water [1].

STABILITY HCI1: Stable to autoclaving 1 hour at lZOOC [1].

OTHER REACTIONS An actinomycin and a basic substance also produced in culture fluids [1] .

QUANTITATIVE DETERMINATION Microbiological: Aspergillus niger [1].
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113. EULICIN (Concluded)

BIOLOGICAL ACTIVITY In vitro. Primarily active against fungi. Inhibits (ug/ml) A. niger at 0.005; Blastomyces
dermatitidis, 0.018-0.037; Alternaria solani, <0.074; Monosporium apiospermum, Histoplasma capsulatum, Clado-
sporium wernecki, Cryptococcus neoformans, 0.074; Hormodendrum pedrosoi, 0.14; H. compacti, Phialophora
verrucosa, 0.28; Bl. brasiliensis, 0.59; Epidermophyton floccosum, 1.2; Trichophyton mentagrophytes, 2.3; Micro-
sporum gypseum, 9.5; Saccharomyces cerevisiae, 35-38.3; Candida stellatoidea, 60.4; C. albicans, C. krusei, 121;
Fusarium oxysporum, >38. Bacteria and actinomycetes (ug/ml): Mycobacterium tuberculosis var. hominis, 0.7;
Bacillus subtilis, 8.7; Micrococcus pyogenes var. aureus, 17.4; Nocardia asteroides, 2.3.[1,2] Gram-negative
ba]cteria not sensitive to 25 pg/ml: Escherichia coli, Proteus vulgaris, Salmonella typhosa, Pseudomonas aeruginosa
[1].

In vivo. Active in mice against intraperitoneal infection with Bl. dermatitidis, with median protective daily
doses (administered for 10 days) of 0.04 mg/kg, i.p., 0.42 mg/kg, i.m., and 28.6 mg/kg, oral [2].

PHARMACOLOGY LDgg in mice, 3 mg/kg, i.v.; 17 mg/kg, i.p.; 12 mg/kg, i.m.; 46 mg/kg, s.c.[l] Ten daily
doses of 8.6 mg/kg, i.p., or 10.1 mg/kg, were toxic in mice (LDgg). Preliminary tests in mice indicate that the
antibiotic rapidly disappears from the blood within one hour following single i.v. injection [2] .

MODE OF ACTION Fungicidal to Cryptococcus neoformans in vitro in low concentration of 0.25 ug/ml; this was
only approximately three times the fungistatic level.[2]

114, EUMYCETIN

SOURCE Streptomyces sp resembling S. purpeochromogenus [1] .
CRYSTAL FORM AND COLOR Colorless fine needles [1] .

MELTING POINT (°C) 148-150 [1] .

UV ABSORPTION MAXIMUM 302 my” [1] .

SOLUBILITY s. organic solvents; i. or sl. s. water, 10% HCl, 10% NaOH.[1]

OTHER REACTIONS Positive FeClj, diazo; negative biuret, ninhydrin, Millon, Molisch, Liebermann-Burchard,
Sakaguchi, Rosenheim, Fehling; no color with concentrated HZSO4, HCL.[1]

QUANTITATIVE DETERMINATION Microbiological: Candida albicans [1] .

BIOLOGICAL ACTIVITY In vitro. Inhibits fungi (pg/ml): Mycoderma sp, Penicillium chrysogenum, <0.05;
Trichophyton interdigitale, 0.15; Aspergillus oryzae, 0.32; Willia anomala, 0.5; Oidium lactis, Saccharomyces
sake, 1; Rhizopus nigricans, Mucor mucedo, Candida albicans, 10. Actinomycetes: Nocardia mexicana,
Streptomyces griseus, <0.05; S. roseoflavus, 0.1; N. asteroides, 1; S. scabies, 5. Bacteria: Mycobacterium
tuberculosis, 100; Bacillus subtilis, Micrococcus pyogenes var. aureus, Escherichia coli, >100.[1]

TOXICITY Very toxic in mice; LD_., 2.2 mg/kg, i.p.; 3.0 mg/kg, s.c.[1]

115. EUMYCIN

SOURCE Bacillus subtilis [1] .

SOLUBILITY s. butanol, ethanol, acetone; i. ether, amyl acetate.[!]

STABILITY Thermostable below pH 8 [1] .

OTHER REACTIONS Similar to bacillomycin [1] .

BIOLOGICAL ACTIVITY Invitro. Inhibits (ug/ml) Corynebacterium diphtheriae at 5; Mycobacterium tuberculosis
and Myco. avium at 100-300. Slight activity against Micrococcus pyogenes var. aureus. No activity against
Escherichia coli, Salmonella spp. Inhibits fungi, 100-300 ug/ml Trichophyton mentagrophytes, Epidermophyton
floccosum and Microsporum gypseum. No activity against Candida and Cryptococcus spp. [1]

In vivo. Inconclusive results in guinea pigs infected with Myco. tuberculosis [2] .

ACUTE TOXICITY Mice tolerated i.v. doses of 250 mg/kg [2] .

116. EUROCIDIN

SOURCE Streptomyces albireticuli, n. sp [2] .

UV ABSORPTION MAXIMA 318, 333, 350 my [1] .

/1/ In methanol.
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116. EUROCIDIN (Concluded)

SOLUBILITY s. alkali; i, water.[1]

BIOLOGICAL ACTIVITY In vitro. Inhibits fungi, 3.1-6.3 pg/ml: Cryptococcus neoformans, Penicillium chrysogenum,
Trichosporon beigellii, T. utilis, Candida tropicalis, Saccharomyces sake. Growth inhibition of C. albicans,
Sporotrichum beurmanni, and Aspergillus niger at 12.5; Trichophyton mentagrophytes, T. rubrum, 25. Inactive
against bacteria: Bacillus subtilis, Escherichia coli, Micrococcus pyogenes var. aureus, Nocardia asteroides.[]]
Other investigators report C. albicans, Sac. cerevisiae, and A. niger sensitive to 1.6 ug/ml; Absidia orchidis, 0.4;

C. krusei, 3.1; Mucor pusilis, 6.2; Trichophyton interdigitale, 12.5.[3]

ACUTE TOXICITY LDsg, i.p. in mice, 22 mg/kg [2] , 36 mg/kg[1].

117. EXFOLIATIN

SOURCE Streptomyces exfoliatus [1] .

MOLECULAR FORMULA C,.H, O, CI'H, [ 1].

CRYSTAL FORM AND COLOR Colorless needles [1] .

MELTING POINT (°c) 172[1].

SOLUBILITY s. ethanol, acetone, chloroform, ethyl acetate; sl. s. petroleum ether, ether, water.[1]

OTHER REACTIONS Positive Molisch, FeClS; negative Fehling, Tollens, Liebermann-Burchard.[1]
BIOLOGICAL ACTIVITY In vitro. Inhibits Micrococcus pyogenes var. aureus, Diplococcus pneumoniae, Strepto-
coccus pyogenes, Bacillus subtilis, B. anthracis, Corynebacterium diphtheriae and Hemophilus pertussis at 0.3-5.0

pg/ml.  With the exception of H. pertussis, Gram-negative bacteria are not sensitive.[1, 2]

ACUTE TOXICITY LD, in mice, 500 mg/kg, s.c.[2]

118. FERMICIDIN

SOURCE Streptomyces sp resembling S. griseolus [1] .

MOLECULAR FORMULA C14 ZlNO [1].

CRYSTAL FORM AND COLOR Colorless needles [1] .

MELTING POINT (°C) 96-97 [1] .

UV ABSORPTION MAXIMUM 290 my [1] .

OPTICAL ACTIVITY [a]!8 = +52.3% 2 1,51 [1] .

QUANTITATIVE DETERMINATION Saccharomyces cerevisiae [1] .

BIOLOGICAL ACTIVITY In vitro. Active against fungi and protozoa (Trichomonas vaginalis). Inhibits (ug/ml)
Sac. formosensis, 0.04; Sac. pastorianus, 0.05; Sac. cerevisiae, 0.4; Torula rubra, 0.2; Candida krusei, 0.5; C.
tropicalis, 10; Alternaria kikuchiana, Colletotrichum atramentarium, Phytophthora infestans, 20; Ustilago zeae,
50. Resistant, >100 pg/ml: Aspergillus spp, Penicillium chrysogenum, Mucor mucedo, Trichophyton spp.
Protozoa: Trichomonas vaginalis inhibited at 0.2 pg/ml.[1] In other reports, Willia sp sensitive to 0.1; Torula
utilis, 0.2; Botrytis sp, 0.8; Aspergillus niger, 1.6; Absidia orchidis, 3.]; Candida albicans, 50; Trichophyton
interdigitale, 100.[2]

VETERINARY Daily intravenous doses of 15-25 ug/kg ineffective in the treatment of chronic infectious (viral)
anemia in horses [3] .

ACUTE TOXICITY LD, in mice, 180 mg/kg, i.v.; in rats, 2 mg/kg, i.v.[1]

119. FILIPIN

SOURCE Streptomyces filipinensis, n. sp [2,3].
NATURE Conjugated polyene; neutral [2] .

MOLECULAR FORMULA AND WEIGHT C30H50010, 571 (calc.).[2]

/1/ ¢, 0.65 water.
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119. FILIPIN (Concluded)

CRYSTAL FORM AND COLOR Fine feathery needles [2] .
OPTICAL ACTIVITY [a}22 = -148.3°! [2]
UV ABSORPTION MAXIMA 355, 338, 322 my” [2,3] .

SOLUBILITY v.s. dimethylformamide, pyridine; s. 95% ethanol, methanol, n-butanol, isopropyl alcohol, tert.-
butyl alcohol, glacial acetic acid, ether, ethyl acetate, amyl acetate; i. water, chloroform, 50% ethanol, methylene
chloride, Skellysolve B.[2, 3]

STABILITY Thermolabile; susceptible to autoxidation, especially in light; stable in dark in air at refrigerated
conditions; stable in dilute ethanolic solution (50 pg/ml), but unstable at 10 mg/ml under all conditions; deteriorates
slowly in methanolic solution at pH 2 and 11.[2]

OTHER REACTIONS Resembles fungichromin; at 147° changes to a second form which melts at 195-205° (d.); in-
dication of partial degradation in higher form. Infrared (Nujol): bands at 3580, 3360, 1715, 1177, 1137, 1085,
1040, 1005, 840 (recip. cm). Infrared (5% solution in dimethylformamide): bands at 1303, 1160, 1005, 958, 846
(recip. cm}). Positive Molisch; negative ninhydrin, Benedict, biuret, Tollens, anthrone, FeClj, 2, 4-dinitrophenyl-
hydrazine. Degrades in 2 ways, (1) where biological activity and UV maxima disappear simultaneously, and (2)
when concentrated methanolic or ethanolic solutions stand at 4°C. In the latter case, a white crystalline substance,
without antifungal activity but still a polyene, is formed (probable empirical formula, C30H500“). Deep blue
color in concentrated HCI or HZSO4, but not in HNO3.[1, 3]

QUANTITATIVE DETERMINATION Microbiological: Saccharomyces pastorianus ATCC 2360 [2] . Penicillium
oxalicum [2,3]. UV [2,3]}.

BIOLOGICAL ACTIVITY In vitro. Active against fungi. - Inhibits (ug/ml) Cryptococcus neoformans, 0.95; Candida
albicans, Histoplasma capsulatum, Microsporum audouini, Monosporium apiospermum, Sporotrichum schenckii,
Trichophyton rubrum, 7.7; Coccidioides immitis, Hormodendrum compactum, Phialophora verrucosa, 15.5; Geo-
trichum sp, Blastomyces dermatitidis, Nocardia asteroides, 31. Saprophytes and plant pathogens {ug/ml):
Gnomonia fragiariae, 0.95; Colletotrichum lindemuthianum, Endothia parasitica, 1.9; Aspergillus niger, P.
digitatumn, Phoma betae, Phomopsis sp, Thielaviopsis sp, 3.9; Dendrophoma obscurans, Fusarium oxysporum
dianthi, Helminthosporium sativum, Sclerotinia sclerotiorum, 7.8; Diplodia sp, Penicillium notatum, 31;
Rhizoctonia solani, 500. Yeasts: Sac. pastorianus, Zygosaccharomyces prioranus, 5 ug/ml. Protozoa: Tri-
chomonas foetus sensitive to 25-50 ug/ml. Bacteria not sensitive to 1000 pg/ml: Micrococcus pyogenes var.
aureus, Streptococcus pyogenes, Bacillus subtilis, Escherichia coli, Klebsiella pneumoniae, Salmonella typhosa,
Proteus vulgaris, Pseudomonas aeruginosa.[3]

PHYTOTOXICITY Concentrations of 100 pg/ml had no toxic effect upon germination of pea and tomato seeds [3].

PHYTOPATHOLOGY Sprays with crude filipin partially protected young tomato plants from gray leaf spot
caused by Stemphylium solani [3] . Immersion of pea seeds in the antibiotic prevented development of fungus rot [1] .

MODE OF ACTION Action against Candida albicans is primarily fungicidal; these cells were non-viable when ex-
posed to concentrations of 10 ug/ml for 7-24 hours or to 50 pg/ml for 2 hours. A greater concentration, or longer
exposure period, was required to kill Penicillium oxalicum.[4]

120. FLAVACID

SOURCE Streptomyces sp resembling S. flavus [1] .
NATURE Weakly acidic (1] .

CRYSTAL FORM AND COLOR Yellowish cryst. powder [1] .
MELTING POINT (°C) 102-105 (d.) [1] .

UV ABSORPTION MAXIMA 340, 360, 380 mp (3] .

SOLUBILITY s. water, butanol, acetone. Na salt: s. methanol, aqueous acetone, water, ethanol; less s. acetone,
butanol; i. ether, ethyl dcetate, chloroform, benzene.[1]}

STABILITY Unstable at acid and alkaline pH (1] .

{1/ ¢, 0.89 methanol. /2/ Shoulder at 305 mp; in methanol, but does not change in 0.1 N KOH or HCl.
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120. FLAVACID (Concluded)

OTHER REACTIONS Serum inactivated; yellowish at neutral pH, green at acid, red at alkaline; precipitates as Ba,
Ca, Pb, Zn, or procaine crystalline salts; negative ninhydrin, FeC13; resembles fungicidin.[1]

QUANTITATIVE DETERMINATION Microbiological: Saccharomyces cerevisiae [1] .

BIOLOGICAL ACTIVITY Invitro. Active against yeasts, fungi, a few bacteria, and also Trichomonas vaginalis.
Inhibits (wg/ml) Aspergillus spp, 3-12; Mucor spp, 3; Torula utilis, 1.2; Trichophyton spp, Candida albicans,
0.6-2.5. Bacillus subtilis, B. anthracis and Micrococcus pyogenes var. aureus are sensitive to 3~6 pg/ml. 1]
According to another report, Sac. cerevisiae inhibited by 3.1 pg/ml; C. krusei, Botrytis sp, 12.5; Torula utilis,
Willia sp, A. niger, 25; Absidia orchidis, Mucor pusilis, 50; Trichophyton interdigitale, 100.[2]

In vivo. Activity against C. albicans infection in guinea pigs. Oral doses of 10 mg cleared the feces of
C. albicans.[1]

CLINICAL Was of some value when applied topically in patients with trichophyton infections. Favorable results
obtained with tamponades containing 20 mg in Trichomonas vaginalis vaginitis.[1]

ACUTE TOXICITY LD, in mice, 50 mg/kg, i.p.[1]

121. FLAVEOLIN

SOURCE Streptomyces sp [1] .
NATURE Basic [1] .
MELTING POINT (°C) Picrate: 126-128 (d.). Reineckate: 147-150 (d.).[1]

SOLUBILITY HCIL: s. water, methanol, ethanol, propanol; sl. s. acetone, benzene, butanol, chloroform; i. ether,
petroleum ether, ethyl acetate. Free base: s. butanol, chloroform, iso-amyl alcohol.[1]

STABILITY Fairly stable at pH 2; unstable at alkaline pH at 100°C.[1]

OTHER REACTIONS HCI lemon yellow at acid pH, reddish-brown at alkaline; greenish-blue with Cu acetate in
alcohol; positive Liebermann, Pauly, negative Millon, biuret, Sakaguchi, ninhydrin; black color but no precipitate
with Fehling; HC1 more active at pH 6 than 8; no reduction in activity by glucose, NaCl, serum.[1]

BIOLOGICAL ACTIVITY In vitro. Active against Gram-positive and Gram-negative bacteria, yeasts, and fungi.
Inhibits (xg/ml) Micrococcus pyogenes var. aureus, Bacillus anthracis, B. subtilis, Streptococcus pyogenes,
Diplococcus pneumoniae at 0.025-0.5; Salmonella typhosa, Proteus.vulgaris, Shigella dysenteriae, Neisseria
meningitidis, Vibrio comma, and Brucella melitensis, 0.05-2.5; Mycobacterium phlei, Myco. smegmatis and Myco.
avium at 0.8. Fungi: Aspergillus niger, Mycotorula sp, and Monilia sp inhibited by 3.1-12.5 pg/ml.[1]

ACUTE TOXICITY LD in mice, 20 mg/kg, i.v. (HC]) [1] .

122, FLUVOMYCIN

SOURCE A strain of Bacillus subtilis [1] .

NATURE Probably a polypeptide; weakly acidic.[1]

FORM AND COLOR White amorphous powder [1] .

SOLUBILITY s. water, aqueous methanol, aqueous ethanol; i. acetone, ether, chloroform, amyl acetate.[1]

STABILITY Stable 2 years at pH 5.5 at 5°C. 1 month at room temperature, 3+ days at pH 2 and 9; destroyed by
autoclaving.[1]

OTHER REACTIONS Stable to proteolytic enzymes; readily dialyzable; not precipitated by acids, alkalies.[1]

QUANTITATIVE DETERMINATION Microbiological: Micrococcus pyogenes var. aureus 209; Candida albicans
ATCC 10231.

BIOLOGICAL ACTIVITY In vitro. Inhibits (ug/ml) M. pyogenes var. aureus, Proteus vulgaris, C. albicans and
Torulopsis rotundata at 0.5-1.0; Escherichia coli and Trichophyton mentagrophytes at 33-90. Growth inhibition of
other bacteria and fungi at higher concentration.[1]

In vivo. Apparently inactive [1] .

PHARMACOLOGY LbDgg in mice, 1300 mg/kg, i.v.; 1250 mg/kg, s.c.; 750 mg/kg, i.m. Could not be detected in
the blood or urine of dogs and rabbits after i.v. injection.[l]
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123. FOMECIN A

SOURCE Fomes juniperinus [1] .

NATURE Weakly acidic [1] .

MOLECULAR FORMULA AND WEIGHT CBHBOS; 173, 189 (found); 184 (calc.).[1]

CRYSTAL FORM AND COLOR Depends on solvent [1] .

MELTING POINT (°C) Chars above 160 [1] .

OPTICAL ACTIVITY Inactive [1] .

UV ABSORPTION MAXIMA 241, 305 my [1].

SOLUBILITY Somewhat s. water, ethanol, acetone, ethyl acetate, chloroform; sl. s. benzene.[1]

STABILITY Thermostable at acid and neutral pH; alkali labile.[1]

QUANTITATIVE DETERMINATION Microbiological: Micrococcus pyogenes var. aureus [1] .

BIOLOGICAL ACTIVITY In vitro, Inhibits (ug/ml) M. pyogenes var. aureus, 8-16; Bacillus subtilis, 31-63;
Klebsiella pneurmnoniae, 63; Escherichia coli, Pseudomonas aeruginosa, 125; B. mycoides, 250; Mycobacterium
smegmatis, 250-500. Slight antifungal activity; inhibits Trichophyton mentagrophytes, but no other fungi tested.
Possessed antiphage activity.[1]  Antiviral activity: Virucidal against influenza virus A in concentration of 500

ug/ml. No activity against strain SK poliomyelitis and eastern equine encephalitis viruses.[2]

ACUTE TOXICITY Mice tolerated doses of >50 mg/kg, i.v. [1].

124. FOROMACIDINS

SOURCE Streptomyces spl [1].
NATURE Basic.

MOLECULAR FORMULA AND WEIGHT
Foromacidin A: C54H78015Nz‘ equiv. wt. 458 (found); MW 887.09 (calc.).
B: C47H80016N2‘ equiv. wt. 462, 472 (found); MW 929.13 (calc.).
(o] C48H82016NZ; equiv. wt. 478 (found); MW 943.15 (calc.).
D: Equiv. wt. 452 (found).[1]

CRYSTAL FORM AND COLOR Colorless microcrystalline powders [1] .
MELTING POINT (°C) Foromacidin A: 134-138.

B: 130-132,

C: 124-128.

D: 135-140.[1]

OPTICAL ACITIVITY Foromacidin A: [a] , = -81%%, -56°°,

B [a]p = -8302, -610;’.
C: [a]y = -79°8, -62°°,
D: [a] | =-759".[1]

UV ABSORPTION MAXIMA Foromacidin A, B, C, D: 231 my [1].
SOLUBILITY s. most organic solvents [1] .

OTHER REACTIONS Infrared maxima include, foromacidin A: 3500, 1725; B: 3500, 1733, 1245; C. 3500, 1733,
1190; D: 3500, 1725, 1245 (recip. cm). Mild acid hydrolysis of A, B, or C yields mycarose, plus forocidin A, B
or C; alkaline hydrolysis of foromacidin B and forocidin B yields 1 mole of acetic acid, and foromacidin C and foro-
cidin C 1 mole of propionic acid. An antibiotic active against Gram-negative organisms is also produced in
culture fluids.[1]

BIOLOGICAL ACTIVITY In vitro. Foromacidin A: Inhibits {(ug/ml) Bacillus megatherium, 0.1; Streptococcus
mitis, Str. faecalis, 1.0; Corynebacterium diphtheriae, Str. pyogenes, Micrococcus pyogenes var. aureus, 10,

/1/ Resembles S. ambofaciens. /2/ c, 0.34 methanol. /3/ ¢, 0.52 chloroform. /4/ c, 0.82 ethanol. /5/ c,
0.93 chloroform. /6/ ¢, 1.19 ethanol. [/7/ ¢, 0.90 chloroform. /8/ c, 0.81 ethanol.
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124. FOROMACIDINS (Concluded)

B: Inhibits (ug/ml) Str. mitis, 0.1; Str. faecalis, C. diphtheriae, Str. pyogenes, 1.0; B. megatherium, M.
pyogenes var. aureus, 10.

C: Inhibits (ug/ml) Str. mitis, C. diphtheriae, 0.1; Str. faecalis, Str. pyogenes, B. megatherium, 1.0; M.
pyogenes var. aureus, 10.

A, B, C: Required 1000 ug/ml or greater for inhibition of Escherichia coli, Salmonella typhosa, S.
schottmuelleri, Klebsiella pneumoniae, Vibrio comma, Pasteurella pestis, Shigella sonnei, Pseudomonas aeruginosa,
Mycobacterium tuberculosis var. hominis, Candida albicans, and C. tropicalis.

D: Shows about 10% of activity of A, B, C.[1]

In vivo. Five s.c. doses of 1-10 mg/kg gave 50-100% protection against Str. pyogenes in mice; oral doses
were also effective. In vivo activity was also demonstrated against infections with M. pyogenes var. aureus,
Diplococcus pneumoniae, Pasteurella sp, Borrelia recurrentis, Entamoeba histolytica, and Plasmodium berghei.[1]

TOXICITY Mice tolerated doses of 250 mg/kg, i.v.; 500 mg/kg, s.c.[1]

RESISTANCE Penicillin-resistant organisms were sensitive to foromacidin. Picromycin-resistant strains of M.
pyogenes var. aureus showed some cross-resistance to foromacidin.[1]

125. FRADICIN
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